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ABSTRACT

The experiments were conducted to isolate the flavor
constituents and evaluate the organoleptic acceptance of a
dietary sodium-potassium fish sauce.
Two varieties of fish (l) Flounder, a lean fish with
low fat content (1.6# fat) and (2) Trout, a fatty fish with
9-2# fat were selected for the preparation of sauce.

The

methods for preparation of fish sauce consisted essentially
of mixing uneviscerated ground fish with sodium and potassium
salts in different fish-to-salt ratios.

The fish sauce mix

tures were allowed to ferment (37°C) in one-gallon glass
jars fitted with screw caps.
continue for 9 months.

Fermentation was allowed to

The desired ratios of sodium and

potassium salts in the fish sauce (NaCliKCl-Oi100, 20i80,
40t60, 50*5 0 , 60t^0, 80120, and 100*0) were obtained by mix
ing appropriate volumetric amounts of the sodium and potas
sium based sauces.

Samples were drawn from fermentation

jars at the end of 1, 3, 6, and 9 months for chemical and
organoleptic analysis.
Chemical analyses included total nitrogen, ammonia
nitrogen, salt content, pH (l, 3» 6 and 9 months samples),
flavor components (volatile and nonvolatile fatty acids,
carbonyls and amines) and amino acids (6 and 9 months
samples only).
x

Determinations of total nitrogen, ammonia nitrogen
and salt content were performed by the methods as indicated
in A.O.A.C, (1965). pH was measured by a Beckman pH meter.
Isolation, identification and quantitative measure
ment of flavor components were accomplished by gas chromato
graphy.

The determination of amino acids was achieved by

using a Beckman amino acid analyzer model 116C.
The results of organoleptic acceptance (flavor, color
and overall quality) and statistical analysis indicated
that the utilization of KCl to replace NaCl in making fish
sauce is acceptable if the salt ratio of KCliNaCl is not
above 60i40.

The sauce prepared by using 300 g/kg fish fer

mented was preferred to that obtained by 400 g/kg fish fer
mented.

Both lean and fatty fish yielded organoleptic

acceptable products.
The pH of fish sauce made from Flounder and Trout
ranged from 5*0 to 6,1 and 4,9 to 5*6, respectively.

The pH

of both sauces reached the highest levels after 6 months of
fermentation.

The salt concentration in all samples re

mained fairly constant (250-255 g/liter for low salt level,
270-276 g/liter for high salt level).

Ammonia nitrogen and

total nitrogen for Flounder and Trout ranged from 1.05 to
3.62, 1.25 to 3.34, 8.12 to 23.77 and 7.5 to 23.8 g/liter,
respectively.
Gas chromatograms show that all the samples contained
volatile fatty acids from C-2 to C-6 in various proportions.
xi

In all the samples, isovaleric acid was the highest in percent
composition followed by acetic acid and isobutyric acid.

The

nonvolatile fatty acids from C-8 to C-18 in various propor
tions were found in all the samples.

The carbonyls (buta-

nal, octanal, 2, ^-decadienal, 2-undecenal,tetradecanal,
hexadecanal, octadecanal, octadecenal, and octadecadienal)
were in extremely small quantities.

Among the amines obtained

in all the samples, the prominent ones were mono-, di-, and
trimethylamine which were in micromoles concentrations.
The pricipal amino acids found were lysine, histi
dine, arginine, aspartic acid, threonine, serine, glutamic
acid, proline, glycine, alanine, cystine, valine, methionine,
isoleucine, leucine, tyrosine, and phenyl al sinin e (ranged
between 0.0007 to 0,0090 moles/liter).

No qualitative

change was found in the amino acids present in both Trout
and Flounder fish sauce samples between 6 and 9 months fer
mentation period.
Experimental evidence obtained by chemical and
organoleptic analyses indicated that mixtures of NaCl and
KCl could provide a possible replacement for common salt
generally used in fish sauce fermentation.

xii

INTRODUCTION

Fermented fish products are manufactured in vast
quantities for human consumption in Southeast Asia.

These

foods provide excellent means of fish preservation in
areas where few canning or freezing facilities are availabl
The protein diet of the people is closely linked with cured
and fermented fish products.

Fermented fish products are

commonly used to brighten monotonous rice dishes and
somewhat more than 50 different kinds of fermented fish
products are utilized in Southeast Asia (Amano, 1962).
Various sauces or pastes are prepared from a wide variety
of both fresh and saltwater fishes, mainly clupeids,
carangids and cyprinids.

Each country has its own national

fermented fish products.

For example, the Japanese have

"Katsuo-Shiokara" made from the visceral organs of tunai
the Cambodian have "Nuoc-mam Gauca" made from fish liverj
the Indonesian have "Trassi" made from planktonic shrimp
which is similar to the Philippino "Bagoong" and the "Kapi"
of Thailand.

However, one of the most popular fermented

products which is famous among the people of the Far-East
and distributed throughout the entire area is Nuoc-mam or
Nam-pla, a fish sauce made in Vietnam, Cambodia, Philippine
and Thailand.
1
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Sodium chloride is a major ingredient in making
fish sauce.

Its concentration lies between 25 and 32# in

the finished product.

In fact, NaCl is essential for

human and animal growth, but the level needed by human
subjects has not been established with any degree of
certainty.

There is adequate evidence that the daily

ingestion of 250-375 mg of NaCl (100-150 mg Na) by adults
can be maintained without any apparent signs of abnormalities
(Dahl, 1972).

However, from this low requirement of the

human body for NaCl, the average daily intake has been
estimated as ranging from 10 g for Americans to 27 g for
inhabitants of certain areas of Japan and most of Southeast
Asia.

Beneficial effects have been observed following the

limitation of sodium salt intake by patients with a variety
of diseases.

Some investigators concluded that there

exists a causative relationship between a high salt intake
and hypertension (Dahl, 1960( Meneely, 1957» 1958).
Therapeutical salt restriction was employed in
1901 in patients with edematous heart disease (Achard and
Loeper, 1901).

The treatment was subsequently extended

to congestive heart failure, hypertension, renal diseases,
cirrhosis of the liver, toxemia of pregnancy and Meniere's
disease (Kempner, 19^ 8 ).

It has been reported that one-

fourth of hypertensive patients respond by a decrease in
blood pressure after salt restriction.

3

Man's requirement for salt is so low that most
patients find it a hardship to be subjected to a saltrestricted diet.

For this reason, efforts have been made to

develop a seasoning agent to replace sodium salt.

It has

appeared to be proven that high naturally occurring dietary
KC1 has protected against human addition of excessive NaCl
(Meneely, 1957)*

The use of NaCl and KC1 mixtures in diets

of populations susceptible to hypertension would be the
most practical way to decrease the incidence of these
disease.
A literature review has shown that no research
work has been reported on a dietary sodium-potassium fish
sauce which can be used by people who are on a sodium
restricted diet.

Therefore, the present investigation

was undertaken with the following objectives*
1.

To develop a dietary sodium-potassium fish

2.

To isolate and identify the key flavor compo

sauce.

nents such as volatile and nonvolatile fatty acids, carbonyl
compounds, and amines which impart a characteristic flavor
to the sauce.
3.

To determine the effect of fermentation period

on the amino acid composition, and
4.

To make an organoleptic evaluation of the sauce

in terms of color, flavor, and overall quality.
To alleviate the unpleasant bitter flavor of

k

KC1, the present research proposes to combine various
levels of NaCl with KC1 without depriving the palatable
salty taste.

REVIEW OF LITERATURE

The utilization of KC1 in making fish sauce has
not been previously studied.

The flavor constituents and

organoleptic acceptability is of upmost importance in a
newly developed food product.

A thorough review of the

important role of salt and the microbiological aspects
in the fish fermentation process is essential for under
standing the complex nature of flavors contributed.

For

this reason, and because studies concerned with volatile
and nonvolatile fatty acids, carbonyl compounds and amines
in fish sauce are nonexistent, the literature review of
these studies is presented after a consideration of these
other topics.
Toxicity and Protective Effect of
Sodium and Potassium in Human Diet

Sodium Salt Toxicityi

The utilization of fish

sauce by Southeast Asia patients is rather limited due to
the toxic effect of NaCl.

It has been thought to be

associated with human hypertension since the early part
of the nineteen century (Achard et al., 1901).

Human

hypertension sometimes responds to sodium restriction and

6

sometimes it does not.

Dahl (1958* 1972) has made extensive

studies of hypertensinogenic effects of excess NaCl intake
and indicated that there was an excessive NaCl content in
prepared baby food, Balt being added to make the flavor
more acceptable to mothers.
Sodium chloride is a potentially toxic agent but
it does not usually occur in natural foods, nor is it in
most inland waters, at toxic levels.

Gibson (1913) stated

that when the supply of salt exceeds the demand for bodily
elimination, the physiological balance breaks down followed
by a progressive formation of deposits with gradual hardening
into degenerating crystallizations in muscle and viscera.
These conditions are recognized as the basic pathological
features in atherosclerosis, cardiac degeneracy, renal
calculi and the various progressive forms of arthritis
deformans.

In studies of toxicity of NaCl in hypertensive

rats by Dahl et al. (1973)» animals on excess NaCl had a
drastic increase in morbidity and mortality (Figure 1).
Fifty percent mortality occurred as early as 15 weeks of age
and no later than 38 weeks for the NaCl-fed animals but
not until the age of 5^ weeks for the controls.

In a

series of careful metabolic studies carried out over four
years at Rockefeller Institute, Dole et al. (1950, 1951* 1953)
showed that lowered blood pressure was due primarily to low
sodium intake.

Parallel studies at the nearby Goldwater

Memorial Hospital in New York City by Watkin et al. (195°)

?

•
* Constant low salt diet (0.3% N aC l)
•-----------* S ta rta d Mgh a alt d la t(6 % N a C l) a t 3 wfc
-----------•
•
»*
*
at 7 w k
a ------------ □
*
m
a t llw k
+ ----------- +
"
at 16 wfc

100
+,

80Low NaCl

40-

15 wfc
* 3 wfc
20i1wk
7 wfc

15

47

23
Ago (wfc)

FIGURE 1.

Toxicity in hypertensive rat.
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and Hatch et al.

(195*0 resulted in a similar conclusion.

A correlation of average daily salt intake with
prevalence of hypertension in different geographic area
and different races has teen made by Dahl (i960).

The data

(Figure 2) show that increasing group average salt intake
corresponds with increasing group prevalence of hypertension,
but individual susceptibility was not assesed within each
group.

Hamphries (195?) in a study of *(-62 Bahamians con

cluded that excessive intake of NaCl was an important
factor in the cause of hypertension in the Bahamas.

A

number of investigators have found a correlation between the
high salt intake in Japan and the prevalence of hypertension
and apoplexy in Japanese (Fukuda, 195** 1 Sasaki, 19621 Suzuki
et al., 1959)*

Potassium Chloride Protective Effectt

Addison

(1928) reported that potassium administration could lower
elevated blood pressure in man and postulated that the
hypertension prevalent in North America was due to low
potassium diets and excess sodium salt consumption.
Priddle (1931) made a similar observation.

McQuarrie et al.

(1936) reported that among some diabetic children who
developed hypertension due to large quantities of salt,
KC1 ingestion antagonized the effect of NaCl.

This recipro

city of sodium and potassium was further supported by the
demonstration of Kempner's (19**8) rice and fruit diet in

9

30-1
JAMMSM
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FIGURE 2.

30

Correlation of average daily salt(NaCl)
intakes with prevalence of hypertension
in different geographic areas and among
different races.

40

10
the therapy of hypertension.

Dahl et al. (19?2) attempted

to separate the effects of the absolute amounts of sodium
and potassium in the diet from the effects of their molar
ratios.

Their experimental diets were made by adding

various amounts of NaCl and KC1 to a basic diet and they
found that average blood pressure was higher in groups
on diets with a higher sodium-potassium ratio.

Loius et al.

(1971) showed increased excretion of sodium and an amelio
ration of hypertension with increased dietary potassium
(Figure 3)-

Tobian (i960) indicated that an alteration

in the amounts of sodium and potassium in the diets of
populations susceptible to hypertension may be the most
practical way to decrease the incidence of the disease.
Tucker et al. (1957) tested the acceptability of NaCl-KCl
mixtures as condiments and found mixtures up to fiftyfifty were tolerated and with lower fractions of K C l f the
mixtures often were not detectably different from ordinary
table salt.

Frank et al. (1969) have explored this

possibility and they found that a similar sodium-potassium
mixture could solve the problem of excessive human
consumption of NaCl.

Fermentation of Fish Sauce
Amano (1962), in review of fermentation fish
products has classified the products into three main
categories.

Each category depends on the principal

11

100
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FIGURE 3.

The effect of dietary salt intake on the mean
systolic blood pressure in rats.
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fermenting agent which has different effect on the natural
nutritional level of the fish.
1)

The proposed groups are*

Traditional products, mainly fermented by the

action of fish enzymes in fish flesh and entrails, in the
presence of salt.
2)

Traditional products, fermented by the combined

effects of fish enzymes and microbial enzymes prepared and
added as a starter culture in addition to Balt.
3)

Non-traditional products manufactured by

acceleration of fermentation, acid ensilage and chemical
hydrolysis.
A number of fermented products abundantly produced
in the Southeast Asian countries were classified in the
first group.

Ngapi (Burma), Shidal Sutki (India), Shiokara

(Japan), Belandran (Malaya), Bagoong, Patis (Philippines),
Trassi (Sumatra), Kapi, Nampla (Thailand) and NuocHtem
(Vietnam) are the main items (Amano, 1962).

Proteolytic and Microbial Enzymes in Fish
Fermentationi

Fish sauce is usually made from different

kinds of small marine fish, mainly species of clupeids and
carangids such as Decapterus, Stolephorus, Dorosoma,
Engraulis and others (van Veen, 1965).

Fish sauce can

also be prepared from shrimp (Truong, 1951)*

The fermen

tation process of fish sauce is mainly carried out by
proteolytic enzyme of flesh and entrails of raw fish

13

(Amano, 1 9 6 2 ).

This is based primarily on the work of

Hamm and Clague (195°) who found that the bacterial popula
tion of Philippino fish sauce and paste decreased rapidly
during the active digestion period which was confirmed
later by Avery (1952), Velankar (1952), and Kasemsarn (1963).
A comparative study done by Shimidu (193*0 on chemical
changes in forms of nitrogen of "Katsuo-Shiokara" (fermented
skipjack entrails) indicated that enzymes inherent in the
fish were likely to be active in splitting protein in raw
materials during three months of storage.

Some species of

fish,such as pelagic types like mackerel or anchovy, with
more proteolytic enzyme than haddock have comparatively
high-powered enzyme action and therefore are better suited
for fermented products.

Chesley (193*0 examined the

correlation between enzyme activity and movement of fish
in varieties such as mackerel, menhaden, scup, sea robin,
puffer and toad fish and reported higher enzyme activity in
fish with the greater movement.
All fish are handled raw.

Usually within minutes

after the fish are landed on the deck of the trawler, they
generally die.

These fish are not iced and in a normal

tropical climate where the temperature usually exceedes
90°F the death of fish produces a complex series of changes.
Microbial spoilage starts immediately through marine
bacteria on the surface or through microorganisms which
happen to contaminate the fish on deck during handling
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and washing.

They will pass through rigor mortis in less

than half an hour (Fraser et al., 1961).

The bacteria

originate from the fish and salt UBed in fermentation
processes or from contamination.

In the work of Bain et al*

(1 9 5 7 ) on the bacteriology of solar salt used in fish
curing, they found an average of 27,000 to 150,000 bacteria/
g of salt when incubated at 37°c on media containing 10#
NaCl,

The microorganisms mainly found were Bacillus (about

83#)* and the remainder were Micrococcus and Sarcina bpd.
Saisithi et al. (19^5) studied bacterial growth during
maceration of fish sauce and found that the total count
(Table I) decreased steadily with fermentation time.

The

count was higher at the time the fish were salted than after
15 days of fermentation.

These results were similar to

those reported by Hamm and Clague (1950) and Truong (1963).
Approximately 70# of the oisanisms isolated from a Thai fish
sauce were halophiles of Bacillus types (Saisithi et a l . ,
1 9 6 5 ).

The optimum salt concentration for halophilic

bacteria was found to be 20# (Gibbons, 195?) and optimum
pH between 6.0 and 7*5 (Linderberg, 1957)•

A review con

cerning the growth characteristics of halophilic bacteria in
the fermentation process has been given by Saisithi et al.
(1965).
1.

Obligate halophilic bacteria which are able

to grow in 15#~31^ NaCl.
2.

Moderately halophilic bacteria which are able
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TABLE I
TOTAL BACTERIAL COUNTS IN FISH SAUCE
(per ml)
(Saisithi et al., 1965)

Fermentation
(months)

Brain-Heart infusion
0,5#NaCl
lO^NaCl

Nutrient agar
10?BNaCl
20%NaCl

0.5

3.0xl03

1.4lxl05

2.8xl03

l.lxlO3

1

3.0xl03

1.4lxl05

9.6x10**

3.0xl03

3

2.0xl03

4.0 xlO^

5.5xl02

1.7xl02

6

l.lxlO2

3.8 xlO2

7.1xl03

5.5xl02

9

7.OxlO4

2.4 xlO3

2.4x10**

2.1x10**

12

4.0xl04

3.4 xlO2

6.2xl02

2.7xl02
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to grow in l?£-20% NaCl.

Halophilic bacteria usually con

tain red or pink carotenoid pigments.

It has been reported

that the pigment of halophilic bacteria allow the bacteria
to grow under the bright sunlight since the growth of a
colorless mutant of Halobacterium salinarium is inhibited
by light (Kushner, 1966).

It is also interesting that many

strains of colorless soil microorganisms can survive up to
32# NaCl (Thimann, 1963).

The pigmentation of extremely

halophilic bacteria apparently has no function involved in
the metabolism of the bacteria themselves apart from the
protective effect against bright sunlight.

Katznelson and

Robinson (1956) noticed that the metabolism of red halophilic
bacteria showed no major differences from that of the
related colorless mutants, and that the colorless mutants
can easily be obtained by growing the red halophiles in
the dark.

Since the fish sauce fermentation process is

done in closed concrete containers buried in the ground
away from the light, it can be assumed that the halophilic
bacteria would be mutated to the colorless forms.
High salt concentration is a definite requirement
for the growth of obligate halophilic bacteria which appear
to solve their osmotic regulation by maintaining a high
salt concentration within the cells (Christian and Waltho,
1962, as reported by Kushner, 1966).

Several enzymes of

extremely halophilic bacteria require high salt concentration
for optimum activity and are irreversible in the absence

1?

of salt. Besides high salt concentration, halophilic bacte
ria also require complex media to maintain good growth.
Onishi et al. (1965) suggested a defined medium containing
15 amino acids, and 10 different inorganic salts for growing
obligate halophiles.

Kushner (1966) added a commercial RNA

(ribonuclease digest) to obtain a better growth.

Among the

obligate halophilic bacteria, two species of red halophilic
bacteria, Sarcina literalis and Pseudomonas gfllinarla. were
first recognized because of their economic importance since
they spoil salted food and attack salted hides,
et al., 1965).

(van Klaveren

Both are proteolytic and the latter

is of

chief concern to the decomposed products such as reduction
of the water activity which interferes with the osmotic regu
lation of most spoilage bacteria.

The osmotic pressure of

concentrated salt solution removes the water from sensitive
bacterial cells causing them to crenate or revert to spore
forms (Tressler and Lemon, 1951)*

Spoilage bacteria in general

are inhibited by a salt concentration of ?# or more (Prescott
and Dunn, 1959)*

If the salt concentration is too low, the

product will spoil through undesirable bacterial action.
Rose (1918) studied the effect of salt concentration on the
maceration of fermented fish products, and found that the
minimum ratio of salt to fish is li^4- or 20# salt.

At lower

salt concentrations, high amounts of ammonia nitrogen and
#

low amounts of amino nitrogen are produced.
products are related to the outgrowth

of

Obviously these
spoilage
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bacteria at low salt concentration.

This report was con

firmed by other Japanese workers (Shimidu, 193*H Nagasaki
and Yamamoto, 195^a. b).
concentration suppresses

On the other hand, high salt
the enzymatic activities.

For

instance, the protein hydrolysis in muscle tissues of salted
herring by cathepsin is considerably retarded when salt
concentration exceeds 15% (Voskresensky, 1965).

Cathepsins

are intracellular proteinases found in most animal tissues
including fish muscle (Siebert, 1962).

These enzymes are

active in the presence of reducing substances such as cys
teine, glutathione, HCN, HgS and ascorbic acid (White et al.,
1964),

Chung (1963) found that increases in amino nitrogen

paralleled the increase in bacterial population when an
inoculated rockfish muscle with proteolytic fish spoilage
organisms was stored for 60 days at 0°C.
from visceral organs are

Digestive enzymes

also affected to a lesser

high salt concentration (Voskresensky,

1965).

The

degreeby
suppress

ion of this enzymatic activity prolongs the fish fermenta
tion process.

To produce a good quality product, it is

absolutely essential to use the right proportion of salt to
fish.

Rose (1918) demonstrated the relationship between the

proportion of salt to fish and the amounts of nitrogen
compounds transferred to Nuoc-mam,

(a Vietnamese fish sauce)

and noticed that salt was a factor in retaining the nitrogen.
Shimidu (193*0 gave a more detailed investigation on the
fermented entrails of skipjack "Katsuo-Shiokara".

With the

addition of 10# NaCl, monoamino-N reached a level of
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1,000 mg# after one month maceration but dropped to 930 mg#
after 3 months, whereas the 20# NaCl was still showing
increases of monoamino-N even after 3 months.

On the other

hand, a tremendous development of ammonia was observed in
the sample with 10# NaCl.

A similar observation was reported

by Nagasaki and Yamamoto (195*0*

As to effective retention

of nitrogen compounds directly available for human nutrition,
these investigations have shown fairly consistently that the
minimum amount of salt should not be lower than 20# of the
weight of wet fish, where the product is prepared under
tropical conditions.

The salt content of commercially

prepared products is considered to meet this minimum require
ment (Amano, 1962).
Salt and Salting in Fish Fermentation 1

The role

of salt is extremely important to provide a high quality
finished product.

The addition of salt can be undoubtedly

interpreted to act as a preservative which keeps raw fish
from bacterial spoilage (van Veen, 1965).

Therefore, salt

concentration becomes most important at the very beginning
of fermentation, and an inadequate amount of salt induces
undesirable changes in the product.

The proportion of salt

to fish for making fish sauce varies from lt2 to I 15 and
the method consists of allowing the fish-salt mixture to
ferment under anaerobic conditions for periods from 3 months
to a year.

Twelve to 18 months may be needed for larger
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fish (Rose, 19l8 j Suriyong, I96I 1 Varavejja et a l . , 1951).
The amount of salt generally used for this product is enough
to saturate the moisture contained in the fish.

As most wet

fish contain about 80% moisture, one part salt to 3*5 parts
fish by weight will furnish a product with only a slight
excess of salt (Amano, 1962).
Solar salt, mainly NaCl as shown in table II, is
primarily used in salted fish and fermented fish industries.
This salt is made by pumping sea water into large shallow
lagoons and allowing the water to slowly evaporate by solar
heat.

The overall process requires approximately ^0 days

to yield about 60 kg of 95^ to 97% pure salt per square
meter of bed surface area (Tressler and Lemon, 1951> van Klaveren and Legendre, 1965).

This salt is relatively impure,

consisting of coarse crystals off-white in color, and it is
mixed with the fish without further refining.
No report has been published on the composition of
impure solar salt used for fermentation of fish sauce in
Southeast Asia.

However, it has been assumed by Saisithi

et al. (1965) that the Southeast Asian solar salt is some
what less pure than Eastern Canadian salt.

Beatty and

Fougere (1957) reported the average analysis of salts used
by the fishing industries in Eastern Canada (Table II).
The presence of salt impurities such as magnesium
and calcium have been regarded to have adverse effects on
salted fish or meat, the adverse effects resulting from
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TABLE II
AVERAGE ANALYSIS OF SOLAR SALT USED
IN EASTERN CANADA
(BEATTY AND FOUGERE, 1957)

Sodium chloride

979S

Calcium sulfate

1.08#

Magnesium chloride

O.30#

Calcium chloride

0.24#

Magnesium sulfate

0 .17#

Insoluble materials

0 .40#

Water

2.40#
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the slow penetration of salt into the muscle (van Klaveren
and Legendre, 1965)*

A five percent level of a mixture of

magnesium and calcium salts renders a strong acrid flavor to
the chalky white color dried salted cod fish (Boury, 1932).
Hamm and Claque (1950) confirmed the effect of salt impuri
ties on the production of Bagoong, a fish paste widely
produced in the Philippines, by using a fine grain California
solar salt containing 99*9# NaCl in comparison with the
coarse grain Manila salt containing only 92# NaCl.

The salt

impurities delayed the maceration (Table III).
The salting process starts the moment the fish
surface comes into contact with salt, and a layer of salt
solution developes adjacent to the fish whose salt concen
tration is below that of the surrounding brine.

This layer

is formed because water diffuses from the fish.

Voskresensky

(1965) divided the salting process of fish into three stages.
In the first stage, the fish is exposed to a high saline
osmotic pressure.

The active movement of salt into flesh

is accompanied by even more active movement of water from
the fish into the surrounding brine.

This phenomenon results

in an increase in the amount of salt in the tissues and is
coupled with a corresponding drop in the amount of tissue
water.

The outer layer of flesh controls the rate of salt

penetration.

At this stage, a considerable weight loss

occurs in the fish, even though no profound chemical changes
have as yet taken place.

The inner layer of the meat as

TABLE III
PROTEIN CONTENT OP LIQUID PORTION OF ANCHOVY BAGOONG
PROCESSED WITH SALT OF DIFFERENT PURITY AND
STORED IN 1-GALLON GLASS JARS
(Hamm and Clague, 1953)

Storage
temperature

California salt
California salt
Manila salt
Manila salt

Room temp.
37°C
Room temp.
37°C

^Protein content after storage period oft
1 day
7 days
14 days
21 days

4.03

5.57

6.40

7.12

4.2?

6.91

8.58

9.42

3-74

4.82

5-72

6.43

3.89

6.15

7.19

8.41

!\)
\ji
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well as the organs in the abdominal cavity of the whole fish
are not fully penetrated by the salt in the first stage.
In the second stage, osmotic pressure still exerts
an influence although on a reduced scale.

There is no

great difference in the rate of salt movement into the fish
or the water leaving the fish.

Towards the end of this

stage, this latter movement ceases and no further decrease
in weight is observed.

The salt concentration in the sur

face layer of the muscle tissue is equalized with that of
the surrounding brine.

A kind of barrier is formed which

limits further movement of water from either the outer or
the inner layers of the meat.

A partial redistribution of

salt and water takes place within the fish through inner
diffusion.

Any decrease in the amount of salt in the outer

layer of the flesh is rapidly compensated by additional salt
being picked up from the brine.
In the third stage, a minor quantity of salt moves
into the fish.

As a consequence the weight of the fish

increases slightly.

The salt concentration in cellular

fluid in all parts of the fish body approaches the concen
tration of the solution outside the fish until the equilibium is reached.

The meat of the fish becomes dense,

contracted and has a sharp salty taste.
During the final stage of salting, a gain in weight
is observed.

This weight gain has been explained by

Voskresensky (1965) in terms of swelling and as an
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absorption phenomenon.

The swelling induces a movement of

water from the brine into the fish.

This probably is caused

by bound water being gradually converted into free water in
the presence of excess salt (Shapiro and Karpov, 1936| as
quoted by Voskresensky, 1965).

In fish and many other

pro

tein foods, bound water accounts for about 10# of the total
water (Dyer and Dingle, 1961i as quoted by Wedemeyer, 1965).
The second explanation is based on the absorption
hypothesis.

In the final stage of the salting, the absorbed

salt from the brine forms complex bodies with proteins, thus
reducing the salt concentration in the cellular fluid (Akiba,
1955( as quoted by Voskresensky, 1965).

As a result of this,

additional movement of salt molecules from the brine into the
fish would because of the disturbed equilibrium between salt
solution and fish.

According to this hypothesis, it would

be more correct to assume that proteins "binding'' the NaCl
reduce the salt concentration in the cellular fluid and
induces additional movement of salt molecules from the brine
into the fish.
Ripening of Salted Fish and Chemical Composition
of Fish Saucei

The ripening of salted fish is the biochemical

process that causes the change in chemical composition due
to enzymes which break down both proteins and fats.

The

tissue structure of the muscles and body organs of the fish
are also affected.

Some of the nitrogenous substances

diffuse from the fish into the salt brine.

During salting,
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the exchange of matter in the system is accomplished "by the
movement of salt moleculest but during the ripening period
nitrogenous substances primarily of low molecular weight as
well as fat pass from the fish into the brine (Voskresensky,
1965).

The
1.

rate of ripening of salted fish depends

uponi

The original chemical composition of the

raw fish.
2.

The purity of the salt employed.

3.

The temperature.

4.

The brine composition and

5.

The amount of salt in the

fish tissues

(Voskresensky, 1965).
Optimum temperature for ripening depends on the
type of fish, method of dressing, chemical composition of
raw fish and method of salting.

Herring having a high fat

content, digestive organs filled with feed and salt content
of 8?£ to 10?S should be kept at a temperature between -2 to
4°C,

Under these conditions, the product ripens slowly and

acquires a pleasant taste.
10°C or higher.

Lightly salted fish are kept at

Nevertheless, higher temperatures are some

times used in order to accelerate the ripening.

Heavily

salted herring, on the other hand, ripen slowly and do not
acquire the typical taste quality as in lightly salted
herring.

Fatty herring after ripening is considered tastier

than nonfatty herring.

2?

The ripening of salted fish in airtight packs or in
tightly packed barrels where the fish are covered with brine
yields a better quality product than fish placed in open
containers.

In the latter case, oxidation of fats results

in undesirable changes.

These oxidation products may even

be toxic and usually have an unpleasant taste and odor
(Matsuo, 1959t Fedorov et al.f 19571 as quoted by Voskresen
sky, 1965).
Most of the fish sauces produced in Southeast Asia
contain a comparatively high amount of nitrogen.

Table IV

shows that the total nitrogen values of several varieties
of fish sauce range from O .92 to 2.64 g/100 ml.

Such a big

difference in the nitrogen content of fish sauce is probably
due to two factors( one is the degree of dilution of the
residue of the fermented fish from which the first pickle
has been removed (Amano, 1962) and the second is the variety
of protein sources of raw fish.

Information on proximate

composition of some raw fish used in commercial fish sauce
industries is given in Table V (Kasemsarn, 1963).

Most of

the commercial fish sauces are classified as low quality
products.

Sakornmongkol et al. (1968) reported in their

survey of 134 fish sauce factories that only nine large
manufacturers produce the best quality product, which requires
for the maceration more than 12 to 18 months to complete the
ripening.

Result reported by Rose (1918) indicated 3 months

maceration was not enough to get normal product yield in

TABLE IV
CHEMICAL COMPOSITION OF FISH SAUCE FROM SOUTHEAST ASIA
(Suriyong et al.,

gm/lOOml
sample

196lj Bouvier and Audret, 1944; Subha Bao, 1961a)

First quality
*nuoc mam1
Ordinary
from
Southern
quality
quality
*nuoc mam' 'nuoc mam' Indochina

28.0

27.0

1.1

1.6

0.75
0.8

1.1

Formal-N

1.5
1.6

Ammonia-N

0.7

0.35

NaCl
Total-N
Organic-N

Amino-N
TMA-N

27.5
2.2

First quality
*nuoc mam*
'Nam-pla* ‘Nam-pla
from
Northern
'Patis' highlowextra
Indochina
grade
grade

28.21

28.15

1.93

2.20

1.92

28.9
0.92

1.17

2.02

1.64

0.62

1.18

1.13
0.28

0.83
0.28

0.85
0.02

0.55
0.02

27.3

0.18
0.5

0.87

w

00

29

TABUS V
PROXIMATE COMPOSITION OF VARIOUS TYPES OF FISH
USED IN FISH SAUCE MANUFACTURE
(Stansby, 1962* Taarland et al., 1958)

Species

Moisture

%

Protein

Oil

Ash

%

*

%

Mackerel spp.
(Herring or Sardine)

52.5-67.5

11.3-18 13-36

0.53-1.5

Stolechorus s o d .
(Anchovies)

52.5-67.5

11.3-18 13-36

0.53-1.5

Small Whole Herring

76.1*

16.9*

4.8*

2.4*

Ocean perch
Rock fishes

81.5

17.9

0.6

1.6

Skipjack tuna

72.4

26.2

0.7

1.5

•These figures are adopted from Taarland et al.
The others are adopted from Stansby.
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terms of total nitrogen.

Good quality fermented fish sauce

contains more than 1.8 g of total nitrogen and 27-30 g of
NaCl/100 ml.

It should have a high buffer capacity, stabi

lity and good aroma, flavor and color.

The pH should range

from 5*^ to 5-9» specific gravity 1.19 to 1.20, and the
additives such as benzoic acid or sodium benzoate should
not exceed 0.1^.

Salicylic acid should be avoided (Sakorn-

mongkol, 1968).
Amino Acidi

The ultimate products of protein

degradation are amino acids.

In the fermenting process,

fish protein and organic compounds in fish are broken down
by the enzymes of the digestive organs and not through by
microbiological activity (Uyenco et al., 1952, as quoted by
Kasemsarn, 1963).

Studies concerned with individual amino

acids present in fish sauce are scarce.

Subba Rao (1961a)

identified 17 amino acids present in "Nuoc mam” whereas
"Nampla" was found to have eighteen (Saisithi

et al., 1965).

Table VI shows the amino acid content of two different brands
of fish sauce( Nuoc-mam and Nampla.

Unfortunately, no

description of quantitative change of individual amino acids
during the fermentation process was available, but the
essential amino acids were found in fairly good retention.
Lipid1

The role of lipid degradation in fish sauce

is not yet known.

L o v e m (1962) found that salt does not

appear to inhibit the lipase activity in fish liver nor
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TABUS VI
AMINO ACID CONTENT OF FISH SAUCE

Amino Acids

Alanine
Arginine
Aspartic acid
Cysteic acid
Glutamic acid
Glycine
Histamine
Leucine
Isoleucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophane
Tyrosine
Valine

Nampla1
<fM/l>

Nuoc-mam^
(g in 100 g-N)

0.005
0,003
0.300

4,20
2.00
2.40

0.008
0.014
0 .008

0.25
4.00
2.40

0.045
0.015

0.30
4.00
4.00

-

0.002
0,027
0.012
0.043
0.009
0.008
0.025
0.055
0 .01?

4.00
0.80
1.50
0.50
0.80
2.00
0.50
0.80
3.00

■'‘Thai fish sauce in micromole/liter
(Saisithi et al., 1965)
^Vietnamese fish sauce as g of amino acid
nitrogen/100 g of dialysable nitrogen
(Fisheries Products Manual, 1961).
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inhibit the lypolysis of fiBh roe during the making of
caviar,

van Klaveren and Legendre (1965) reported that the

rate of lipid hydrolysis is different between lightly and
heavily salted cod.

The liberation of fatty acids occurs

from hydrolysis of phospholipids especially from C-16 groups
where the salt concentration does not exceed 17% (Cardin
and Bordeleau, 1957f Cardin et al., 1958)*

Up to 57% of

liberated fatty acids belong to C-20 and C-22 groups which
are highly unsaturated (Lovern, 1962).

Table VII shows

the fatty acid composition of several species of fish which
are commonly used in the preparation of fish sauce.

The

highly unsaturated lipids of fish are liable to oxidative
decomposition at the double bonds.

The oxidation proceeds

by a free-radical mechanism yielding a great number of
substances, for instance hydroperoxide, volatile and non
volatile hydrocarbons, alcohols, aldehydes, ketones and
hydroxy acids (Olcott, 19<52[ Lang, 1965) which are mainly
responsible for the aroma and flavor of heavily salted cod
(Yurkowski, 1965a).
Flavor Constituents*

In fermented products, the

flavor development appears to be related to bacterial
activity (krempf, 193^)*

Negoa and Kimura (1951)1 Zenitani

(1955) believed that aerobic bacteria such as micrococci,
bacilli, vibrios, achromobacters and flavobacteria are
responsible for the degradation of fish proteins.

Boez and

Guillerm (1930)t as quoted by Amano (1962), isolated a

TABLE VII
FATTY ACID COMPOSITION OF FISH
(% by weight of the total acid, Lovern, 1962)

Fish Names

Saturated Fatty Acids
C18
0.2

Herring (Clupea harangus)

8

C16
15.7

Sprat (Clupea sprattus)

6

19.0

1.0

Pilchard (Sardina ocellata)?

17.0

2.0

Note*

cl4

2,0

Unsaturated Fatty Acids
C16
4.6
(1.3)

C18
22.2
(1.4)

c20
22.2
(1.9)

C22
27.3
(2.1)

16.0

29.0
(1.4)

18,0
(2.8)

11.0
(3.5)

15.0
(1.6)

19.0
(1.9)

26.0
(4.4)

11.0
(4.5)

The number in the parenthesis is the average number
of double bonds.

3**

Clostridium from Nuoc-mam which they believed to be respon
sible for the flavor of the product.

Amano (1962) has

reported that the characteristic flavor of Pedah-Siam is
produced by a non-sporeforming bacterium which has a high
tolerance of salt and is able to grow under both aerobic
and anaerobic conditions.
Shimidu (193*0 noticed that "Katsuo-Shiokara",
a Japanese fish sauce product, consists largely of mono
amino acids.

Kasemsarn (1963) believed that these monoamino

acids contribute the characteristic flavor to fish sauce.
Bramstedt (1957) reported that the free amino acids can
develop substances such as n-amino piperidine, amino valeraldehyde, isovaleraldehyde, isovaleric acid and pyridine
which contribute to the development of odors and flavors.
Flavor of Thai fish sauce was believed to be due to amino
acid mixtures (Saisithi et al., 1965).

Aim (1965) reported

that methyl mercaptan is the flavor of fermented herring.
Formic acid, acetic acid, propionic acid and butyric acid
have been shown to be present in fresh herring (Hughes, i960).
Truong <1963) believed that these acids are responsible for
the characteristic flavor of Nuoc-mam.

Nguyen and Vialard

(1953) reported that the best quality of Nuoc-mam gave a
ratio of n-butyric acid and acetic acid close to 1*2 whereas
the poor quality gave a ratio of lil.

Methyl ketone was

believed to account for the fish sauce's peculiar flavor
(van Veen, 1953).

MATERIALS AND METHODS

Sample Collection and Preparation of Fish Sauce

Utilization of fish of known past history was
considered of upmost importance in attaching proper signi
ficance to the analytical research.

All samples of fish

removed from its natural habitat will contain tissue in
various stages of deterioration.

The nature and concentra

tion of metabolite present at the start of the experimen
tation will be dependent on many factors such as treatment
prior to shipment, method of packing for shipment, method
of shipment, handling in transit, and preparation for study.
Experimental values obtained will be dictated to a great
extent by these factors.

By knowing the past history of

the fish samples, analytical research can be viewed in the
proper prospective and valid conclusions drawn.
In the present investigation, two varieties of fish
(l).

Flounder, a lean fish with low fat content {1 .6% Fat)

and (2).

Trout, a fatty fish with 9 .2% fat (Appendix D)

were selected for the preparation of fish sauce.

These

fresh fish were purchased directly from a trawler operator
(Cavier Fish Market, Baton Rouge, Louisiana) and were
35
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caught in butterfly nets in Grand Isle, Louisiana.

Imme

diately following removal from the water, the fish were
selected for uniform size and weight (Each Flounder measured
8-10 inch long, O.5 -O.8 inch thick and weighed about 1.0 lbj
each Trout measured 10-12 inch long, 1-1,5 inch thick and
weighed about 1.0 lb) and were packed in crushed ice and
transferred to the L.S.U. Food Science laboratory where the
uneviscerated fish were washed with clean tap water and
stored in polyethylene bags in the cold room (U°C) until
further use.

Elapsed time from catching until receipt at

the laboratory was generally less than 15 hours.
The method of preparation of fish sauce consisted
essentially of mixing uneviscerated ground fish with either
NaCl or KCl in different fish-to-salt ratios (Table VIII),
The fish were ground in a heavy duty grinder (Oster electric
grinder).

There was a total of 8 ground fish samples

samples from Flounder and U- from Trout), each of which
weighed 2 kg.

The fish-salt mixtures were then transferred

to 8 one-gallon glass jars fitted with screw caps.

The

fermentation was allowed to continue for 9 months at 37°c
which is the recommended optimum temperature for commercial
fish sauce production.

Periodically, at 3-month intervals,

clear sauce samples were drawn from the glass jar for
chemical analysis.

The desired ratios of sodium and potas

sium salts in the fish sauce were obtained by mixing appro
priate volumetric amounts of the sodium and potassium based
sauces.

TABUB VIII
FORMULATION OF FISH SAUCE
Sample weight *
Storage temp.*

Sample

KCl
(«)

KCltFish

2 kg
37°C

NaCl
(g)

NaCl*Fish

h 2o

(1)

^launder
1
2
3

1
2
3
4

600
800

1*3.3
1*2.5

-

-

-

-

600
800
-

1*3.3
1*2.5
-

-

-

600
800

1*3.3
1:2.5

-

-

600
800

1*3.3
1*2.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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Chemical Analyses
Total nitrogen, ammonia nitrogen, salt, flavor
components (volatile and nonvolatile fatty acids, carbonyl
compounds, and amines) and amino acid contents were deter
mined for each sample.

pH was measured with a Beckman pH

meter.
Determination of Total Nitrogen
Total nitrogen in the fish sauce samples was
determined by the Kjeldahl-Gunning Modification method as
outlined in A.O.A.C. (1965).
Determination of Ammonia Nitrogen
The principle used for the determination of ammonia
nitrogen was as follows 1 ammonia was released by steam
distillation of the sample with Mg(OH)g solution.

A 0.? ml

sample was pipetted into a steam distillation apparatus and
the pipette was rinsed 3 or ^ times with distilled water
then 4 ml of 2% MgtOHjg solution was added to the contents
of the steam distillation apparatus.

The procedure for

total nitrogen determination was then followed (A.O.A.C.,
1965).
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Determination of Salt Content
The salt content in the fish sauce was determined
by the method as indicated in A.O.A.C. (1965).
Determination of Flavor Components
The determination of flavor components included
volatile and nonvolatile fatty acids, carbonyls, and amines.
These compounds had been implicated in other fermented fish
products, but references to their flavor involvement in
fish sauce, particularly to sauce prepared with potassium
salt were not available.

A review of methods employed in

the removal and isolation of these compounds from other
food products indicated that, by slight modifications of
these methods, the priciples involved would be applicable
in development of methodology for their determination in
this special type fish sauce.
Methods generally reported in the review of litera
ture had the drawback of introducing experimental errors
due to the prolonged explosure of the sample to high
temperature.

Hence, primary consideration in method modi

fication was given to the selection of analytical techniques
which would minimize the handling period and maximize the
exploration of the desired components from the sample.

The

method of the determination of flavor components consisted
of the following two stepst
1.

Extraction
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2.

Isolation, identification, and quantitative

measurement of these components by gas chromatography.
Extraction^,of Volatile and Nonvolatile Fatty Acids*
The extraction of volatile fatty acids was achieved essen
tially by using the method of Hunter et al. (i960).

Two

hundred ml of each sample was extracted with 5°° nil of
dichloromethane for 5 hours at room temperature.

For

thorough mixing and complete extraction, the solution was
continuously stirred by a magnetic stirrer.

The dichloro

methane solution was shaken with an equal volume of 0.1 N
NaOH solution in order to transfer acidic components from
the organic layer to the aqueous layer.

To the separated

aqueous layer was added 85# H^PO^ and the pH was adjusted to
8.0.

The neutralized solution was evaporated to dryness

at room temperature under reduced pressure.

The white

powder obtained, a mixture of sodium salts of acidic compo
nents, was acidified with small volume of 2 N HgSO^, and
then 10 ml of ether was added to extract fatty acids.

The

ether extract was dried with a small amount of anhydrous
NagSO^ powder.

The resulting ether solution was filtered

through Whatman filter paper No. 5^1*

The resulting fil

trate was directly submitted to gas chromatography.
Nonvolatile fatty acids can be extracted either as
free acids or as their methyl esters.

However, extraction

of nonvolatile free fatty acids is time consumming and
laborious.

Therefore, numerous investigators have extracted

41

nonvolatile fatty acids in their methyl ester form which is
the method used in the present investigation.
The methylation of fatty acids was achieved using
the method of Metcalfe and Schmitz (1961).

To prepare methyl

derivatives of nonvolatile fatty acids, 5 ml of BF^-methanol
(12# w/v) was added to 0.5 g of a mixture of sodium salt of
fatty acids (the white powder obtained during the extraction
of volatile fatty acids) in a 15-ml conical centrifuge tube.
The tube was stoppered tightly and placed in a 60°C water
bath for 30 minutesj 0.5 ml of chloroform was added and the
tube inverted 30 times to extract the methyl esters.

Brief

centrifugation clarified the chloroform layer which was
then removed with a Pasteur pipette to a 12x75 mm screw
cap culture tube.

Contamination of the chloroform extract

with water was avoided by first removing the aqueous layer
with a pipette attached to an aspirator pump.
was dried with anhydrous MgSO^.

The extract

Both extracts were stored

for 24-48 hours at -20°C before analysis by gas chromato
graphy.
Extraction of Carbonyl Compounds>

The extraction

of carbonyl compounds was accomplished by a modified proce
dure of Fugimaki et al. (1965).

Essential features of the

apparatus used for extraction of carbonyl compounds as
2 , 4-dinitrophenyl hydrazone (2 , 4-DNPH) are shown in
Figure 4.

The extraction procedure was a batchwise opera

tion in which 500 ml of fish sauce was placed in the three-
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Apparatus for extraction of carbonyl compounds.

mouthed distillation flask.

The sample was maintained at

120°C throughout the experiments with the aid of a hemisphe
rical mantle heater.

Nitrogen gas was passed through the

distillation flask to drive the carbonyl vapors to condensing
flasks (B, C, and D) containing 2, 4— dinitrophenyl hydrazine
reagent

g of 2, ^-dinitrophenyl hydrazine/liter of 2NHC1),

All condensing flasks were immersed in crushed ice-acetone
(-10°C) containers.

Low boiling carbonyls which might escape

trap B were captured by traps C and D.

The 2, 4-dinitro-

phenyl hydrazine solution became turbid after one hour.
However, in order to make certain that all the carbonyls
from the fish sauce were trapped in the condensing jars, the
distillation was continued for another hour at the end of
which the vapors had ceased to appear and an adequate amount
of orange-colored precipitate of 2, 4--BNPH was produced.
The 2, J+-DNPH derivatives condensates were mixed together in
an Erlenmeyer flask which was allowed to stand overnight at
room temperature.

The following morning, the cloudy solution,

or suspension of DNPH's was extracted with carbon tetrachlo
ride and then with benzene.

Both extracts were suitably

washed with 2 N HCl and then water.

The extracts were dried

over powdered anhydrous NagSO^ and filtered.

The solvent

was removed from the benzene extracts on the steam bath with
a jet of nitrogen gas, and residues made to a suitable
volume with carbon tetrachloride.

The total carbonyls were

separated into monocarbonyls and dicarbonyls according to the
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method of Gaddis et al. (1958).

The two fractions were then

applied to separate columns of alumina (20# hydrated alumina),
prepared by adding about i inch of powders anhydrous NagSO^
and eluted with benzene.

After development with ether, the

dicarbonyls were eluted with ethanol.

Solvents were removed

from the monocarbonyl and dicarbonyl fractions at room tem
perature.

The residues were dissolved in 1 ml of carbon

tetrachloride and submitted to analysis by gas chromato
graphy .
Extraction of Aminesi

The procedure used for ex

traction of amines was a modification of the method of
Hughes (1958).

Two hundred milliliters of fish sauce sample

was mixed with 1 liter of 10# trichloroacetic acid.

The

mixture was continuously stirred with a magnetic stirrer
for 5 hours.

The trichloroacetic acid solution is a very

convenient solvent for extracting basic components in fish
sauce because it does not dissolve any fatty materials and
protein.

The extract was filtered and the residue was

washed with small volume of solvent.

The filtrate was

neutralized to pH 5.0 with NaOH, mixed with an equal volume
of ethanol, and allowed to stand overnight in a refrigerator.
The resulting white precipitate

was filtered off and the

filtrate was concentrated at room temperature (rotary eva
porator) under reduced pressure until almost all of the
ethanol was distilled out.

The residue (about 5°0 ml),

after being washed repeatedly with ether to eliminate
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residual fatty materials completely, was adjusted to pH 8.0
with Na^PO^ and steam distilled for 3° minutes (Figure 5)*
The distillate was trapped in two successive flasks (B, C)
containing 200 ml of 2 N hydrochloric acid (150 ml in B and
50 ml in C),

The distillates from traps B and C were com

bined and washed with an equal volume of ether and concen
trated to dryness at room temperature under reduced pressure.
The white powder obtained, a mixture of hydrochloric salts
of amines, was submitted to gas chromatography.
Isolation. Identification, and Quantitative Measure
ment of Volatile and Nonvolatile Fatty Acids. Carbonyl
Compounds, and Amines
Volatile and Nonvolatile Fattv Acidsi

Many reports

have been presented on gas chromatographic analysis of vola4

tile fatty acids from various sources (Hankinson et a l.,
1958j Erwin et al., 1961).

A Perkin Elmer Model 990 gas

chromatographic unit, employing a flame ionization detector
(FID), was used (Figure 6).

An 8-foot long coil shape

stainless steel column of 1/8 inch inside diameter was
packed with 10# FFAP (a modified carbowax 20 M treated with
2-nitroterephthalic acid) on 80/100 mesh chromosorb W, AW.
The column temperature was programmed from 60 to 150°C.
Carrier gas (nitrogen) flow rate was lJ-0 ml/minute (Table IX).
The sample was directly injected to the gas chromatograph
and the volatile fatty acids were identified by comparing

A i DtalMlatlan flaak, aarffla* arittt mantta h M lw
, C : Trapa, l a a a n a i la cruaha* lea aaatowa a o a ta ia a ta f-W ’C )

FIGURE 5*

Apparatus for extraction of amines.

FIGURE 6.

Perkin Elmer gas chromatograph model 990 fitted
with Varian Linear recorder.
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TABLE IX
OPERATION CONDITIONS FOR GAS CHROMATOGRAPHIC
ANALYSIS OF VOLATILE FATTY ACIDS
Instrumenti Perkin Elmer Model 990

Component
1.

2.

3.

4.

5.

6.

Detector
a. Source
b. Temperature
Column
a . Type
b. Diameter
c. Length
d . Pack ing

Conditions

Flame ionization
175°C

Stainless steel (silanized)
1/8 in I.D.
8 ft
10# FFAP on 80/100 mesh
chromosorb W,AW

Carrier Gas
a . Type
b. Flow rate

Nitrogen
40 ml/min

Injection
a. Temperature

1?5°C

Programing
a. Temperature
b. Rate

60-15O°C
12°C/min

Recorder
a. Type
b. Chart speed
c. Applied voltage

Varian Linear
0.5 in/min
1 mv (millivolt)
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the retention times of the peaks with those of standard
samples.
Quantitative analysis was achieved essentially
using the peak area calculation

(Triangular method).

The

peak area (A^) was established by multiplying peak height
(h) by the peak width

at halfheight

Ai

=

(w^):

h wh

However, it should be noted that the area of tri
angle CDE (Figure 7 ) which is equal to h w h is not the true
area under the curve.

The area

is not equal to the true

area of the peak (At ) but is less than A^.,

It is established

mathematically that for a true Gaussian peak A^ is equal to
94# of A^, i.e. thearea which

Ai

=

would be found by integration:

0 . 9 4 At

Since the chromatogram consisted of completely sepa
rated and partly overlapped peaks, the latter case, a rela
tive area values obtained by the normalization method which
shows relatively high accuracy.

Therefore, the area of indi

vidual peaks are determined by approximation.

Integrations

always divide the two peaks by a straight line drawn per
pendicular to the edge of the chart paper at the minimum
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FIGURE 7.

Characteristics of a Gaussisn peak.

■

FIGURE 8 .

Partially overlapped peaks.
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point between the two peaks (line MN in Figure 8 ),
Internal Normalization Methodi

In this method, the

concentration of each component in the sample is calculated
by weight % composition in terms of relative % peak area.
However, the molar concentration of the components are
determined by the method of Relative Molar Response.

In

Internal Normalization Method, after the sample was analyzed,
the area of every peak in the chromatogram was established.
Consequently, the normalized peak area values were calcu
lated!

Ax W

=

Ax

100

Ai

Where A^ ... An are the areas of the individual
peaks and Ax % is the normalized peak area of component x
expressed as a % of the sum of the individual peak areas.
However, the composition calculated in this manner
is related but not always equal to the concentration of the
particular component in the sample.

Generally, it is

assumed that the normalized peak areas give the concentra
tion directly and it is true for most detectors that the
normalized peak area values can be taken as weight % of the
individual components in the sample if a relatively small
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range of closely related components is analyzed, and the
molecular weight of the components do not differ too much
(Kabot and Ettre, 19^3).
Quantitative Measurement by Relative Molar Responsei
The molar concentration of the components in the sample was
determined by based on measurement of the peak areas and
relating these areas to composition through the use of
detector response factors.

An unknown mixture is preceded

by a calibration of the instrument.

Prepare quantitative

binary mixtures of the components of the unknown with a
reference standard compound.

Chromatograph these binary

mixtures and relate the ratio of areas to the ratio of con
centrations on a mole basis (Preston and Spreckelmeyer,
1971).

Mol (unknown)

=

— Mol
—
Area (K)

x Area (U)

where

K

=

known concentration in mole

U

=

unknown

The procedure used to isolate, identify, and quan
tify the nonvolatile fatty acids by gas chromatography was
identical to the one used for volatile fatty acids except
for the column packing materials and operating conditions
(Table X).
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TABLE X
OPERATION CONDITIONS FOR GAS CHROMATOGRAPHIC
ANALYSIS OF NONVOLATILE FATTY ACIDS
Instrument*

Perkin Elmer Model 990

Conditions

Component
1.

2.

Detector
a. Source
b. Temperature
Column
a.
b.
c.
d.

3.

U.

Type
Diameter
Length
Packing

Carrier Gas
a. Type
b. Flow rate

Nitrogen
25 ml/min

250°C

Programing
a. Temperature
b. Rate

6.

Stainless steel
1/8 in I.D.
8 ft
20?S DEGS on 60/80 mesh
chromosorb W, AW

Injection
a. Temperature

5„

Flame ionization
250 C

Recorder
a. Type
b. Chart speed
c. Applied voltage

205°C (Isothermal)
12°C/min

Varian Linear
0 ,5 in/min
1 mv (millivolt)

5^

Carbonyl Compoundsi

The column packing materials

and the operating conditions for isolation and identifi
cation of carbonyl compounds by gas chromatography are pre
sented in Table XI.

The method of quantitation was similar

to the one used for volatile fatty acids.
Aminest

Table XII presents the operating conditions

used for the isolation and identification of amines.

Quan

titation was performed using the procedure used in volatile
fatty acids.

Determination of Amin? Acids
The determination of amino acids was achieved by
using the method of Block and Weiss (1956).

Two millili

ters of each sample was defatted with chloroform-methanol
<2*1 v/v) and held in a desiccator over Drierite for at
least 12 hours or until constant weight was maintained.
The stored sample was then hydrolyzed with 1 ml of 6 N HC1
at 110°C for 22 hours.

The hydrolyzate was passed through

a Millipore filter and, together with two additional wash
ings, were evaporated under vacuum.

Evaporated samples

were dissolved in 2 ml of pH 2.2 citrate buffer.

Analyses

were conducted on a Beckman Model 116 C amino acid analyzer
(Figure 9 , Table XIII) t with 0,2 ml of the hydrolyzate
being applied to each column.

Because tryptophan is des

troyed during acid hydrolysis, no determination of this
amino acid is reported.
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TABLE XI
OPERATION CONDITIONS FOR GAS CHROMATOGRAPHIC
ANALYSIS OF CARBONYIS
Instrumenti

Perkin Elmer Model 990

Component
1,

2.

3-

4.

5.

Detector
a. Source
b. Temperature
Column
a. Type
b. Diameter
c. Length
d. Packing

Flame ionization
300°C

Stainless steel (silanized)
1/8 in I.D.
8 ft
4# Apizon-L on 60/80 mesh
chromosorb W,AW

Carrier Gas
a. Type
b. Flow rate

Nitrogen
40 ml/min

Injection
a. Temperature

300°C

Programing
a. Temperature
b. Rate

6.

Conditions

Recorder
a. Type
b. Chart speed
c. Applied voltage

50-280°C
3°C/min

Varian Linear
0,5 in/min
1 mv (millivolt)
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TABLE XII
OPERATION CONDITIONS FOR GAS CHROMATOGRAPHIC
ANALYSIS OF AMINES
Instrumenti
Perkin Elmer Model 990

Component
1.

2.

3.

h.

5.

6.

Detector
a. Source
b. Temperature
Column
a . Type
b. Diameter
c. Length
d. Packing

Carrier Gas
a. Type
b. Flow rate

Conditions

Flame ionization
150°C

Stainless steel (silanized)
1/8 in I.D.
10 ft
Car bo wax 20M-0.8?S KOH
on 80/100 mesh
chromosorb W,AW

Nitrogen
50 ml/min

Injection
a. Temperature

150°C

Programing
a. Temperature
b. Rate

90°C (Isothermal)
6°C/min

Recorder
a. Type
b. Chart speed
c. Applied voltage

Varian Linear
0,5 in/min
1 mv (millivolt)

FIGURE 9 ,

Beckman amino acid analyzer model 116 C.
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TABLE XIII
OPERATION CONDITIONS OF AMINO ACID ANALYZER
Instrument!

Beckman Model 116C

Basics

Acids, Neutrals

Column size

0,9 x 23 cm

0.9 x 69 cm

Resin type

Beckman PA-35

Beckman UR-30

Height of resin column

5*5 cm

56.0 cm

Column flow rate

68 ml/hr

68 ml/hr

Column back pressure

^0 psi

130 psi

First buffer

5.25

3.25

Second buffer
Buffer changing time

-

-

^.25
85 min

Temperature

S5.5°C

55.5°c

Sample size

0.2 ml

0*2 ml

Recorder range

5 mv

5 mv

Analysis time

60 min

180 min
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Identification and quantitation methods for deter
mination of amino acids are similar to those used for
volatile fatty acids by gas chromatography.

Organoleptic Evaluation
The organoleptic evaluation on the acceptance of
flavor, color, and overall quality such as appearance and
mouthfeel was performed on sodium and potassium salts
based fish sauce.

The test samples consisted of seven

mixtures of Na-salt-sauce and K-salt-sauce in different
ratios (KCliNaClr OtlOO, 20i80, 40*60, 50*50, 60i40, 80i20,
lOOiO).

The % ratios of these mixtures were obtained by

combining appropriate volumetric ratios (KCl 300 g/kg fer
mented fish and ^00 g/kg fermented fishj NaCl 300 g/kg
fermented fish and ^00 g/kg fermented fish) with similar
sauces and similar salts.

The sauces were fermented for

9 months (fermentation period commercially used) including
one month of ripening.

The taste panel consisted of ten

individuals, 2 females and 8 males, who were students from
Southeast Asia and whose daily diets include fish sauce.
The panelists were 20 to 35 years old and they were pre
sented with seven samples at a time for evaluation based
on hedonic scale (Appendix A through C) for the acceptance
of flavor, color, and overall quality.
During the test period, the panel members were not
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allowed to talk to one another and the fish sauce samples
were served as a dip to go with fresh boiled shrimps.
The organoleptic data was submitted to standard
analysis of variance which examined the effects of salt
levels, KCliNaCl % ratios, and fish varieties (Flounder and
Trout) on the flavor, color, and overall quality.

All tests

of significance were made at the 0.01 and 0.05 levels of
probability (Snedecor, 1959).

RESULTS AND DISCUSSIONS

When analyzing the quality of foods and other edible
biological materials, it is necessary to perform physical,
chemical, microbiological, and organoleptic tests.

This

includes evaluation of the nutritional status and biologi
cal availability of the tissue.

Fish quality is a manifes

tation of the presence of many metabolic components produced
by a multitude of metabolic pathways.

The development of

color, flavor, and aroma of fish sauce probably begin before
mixing of fish and salts.

High temperature which is always

found in the tropical Southeast Asian countries hastens
rigor mortis and encourages the rapid growth of spoilage
bacteria.

There can be little or no autolysis of spoilage

of fish during rigor mortis but changes begin soon after
resolution of rigor.

Therefore, it should not be antici

pated, in fact it is highly improbable, that a single analy
tical test will be established as an absolute index of the
quality of a fish sauce.
The presence or absence of certain flavor components
alone does not give a picture of the sauce quality or its
organoleptic acceptance.

Therefore, every analysis that

can be developed for measuring chemical composition in fish
or fish sauce will contribute to a solution of the overall
problem of quality evaluation.
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The more interrelationships
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that can be established and mechanisms elucidated the better
will be the understanding of those factors controlling
organoleptic acceptance.

The objective of this investiga

tion was to formulate a fish sauce mixture of NaCl and KC1
which could provide a possible maximum % replacement for
ordinary salt as a therapeutic adjunct in the treatment of
hypertension and other conditions requiring sodium restricted
diets.
The results of organoleptic acceptance and statis
tical analyses indicated that the fish sauce containing 50%
KCl and 50% NaCl was well accepted by the judges.

Therefore,

the chemical analysis was limited to only this sauce mixture.
Consequently, organoleptic evaluation and statistical analy
ses are presented prior to the discussion on the results of
chemical analysis.
Organoleptic Evaluation
The seven fish sauces contained different levels of
KCl and NaCl,

These prepared mixtures were presented to a

taste panel of ten judges to determine the effect of unplea
sant flavor and color present in fish sauce and the accep
tability of each sample.
Statistical analysis of the taste panel data revealed
that replacing NaCl heavily with KCl in preparing fish sauce
significantly (P < 0.01) reduced the acceptability of flavor,
color, and overall quality (Table XIV) which could be due to
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TABLE XIV
ANALYSIS OF VARIANCE ON ACCEPTABILITY OF
FLAVOR, COLOR, AND OVERALL QUALITY OF
FISH SAUCE MADE BY REPLACING VARIOUS LEVEIS OF
NaCl WITH KCl

IT1.S.

Color
m. s .

9

0.874**

2.200**

3.557**

Treatment(T)6

80.157**

9.080**

73.675**

Salt content
(S)
1

6.914**

0.014

1.728*

Fish variety
(F)
1

0.357

0.128

2.057**

T x S

6

0.097

0.080

0.286

T x F

6

0.257

0.561*

0.715*

S x F

1

0.514

0.228

0.057

T x S x F

6

0.097

0.228

0.332

243

0.259

0.235

0.301

Corrected
total
279

2.015

0.491

2.00

Source

Judge (J)

Residual

d.f.

Flavor

•Significant at the 5# level
**Significant at the 1# level

Overall Quality
m.s.
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the unpleasant bitter taste of potassium salt.

However, in

cases of fish sauce with various KCliNaCl ratios (Table XV,
Figure 10), the samples which contained KCl from 0 to 60$
were shown to be well accepted in flavor, color, and overall
quality.

The least desired samples were those containing

80 and 100$ potassium salt.

The high salt concentration

and fish variety did not significantly (p > 0 .0 5 ) affect
the acceptance on the sauce color, but significantly reduced
the flavor (p < 0.01) and overall quality (p < 0 .05).

The

sauce prepared by fermenting fish at low salt concentration
was more favorable.

It is thought that using as low a salt

content as 3°° g/kg fish fermented in making fish sauce is
more desirable than the 400 g/kg fish fermented (Table XVI).
The interaction of treatment on fish was found significantly
(p < 0 .05) to reduce the color acceptance and overall
quality (Table XIV and XV).

This probably was due to the

high content of fat in fatty fish (Appendix D) which inhi
bits the sugar-amino browning reaction during fermentation.
It appears that the utilization of KCl to replace
NaCl in making fish sauce is quite acceptable if the salt
ratio of KCliNaCl is not above 60i40.

The concentration of

300 g/kg fish fermented is more favorable.
lean fish yield good quality fish sauce.

Both fatty and
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TABLE XV
TREATMENT MEANS PROM ANALYSIS OF
VARIANCE ON THE ACCEPTABILITY OF
FLAVOR, COLOR AND OVERALL QUALITY OF
FISH SAUCE (TROUT AND FLOUNDER) WITH VARIOUS
KCli NaCl RATIOS

Ratio
KCl i NaCl

0 i 100
20 * 80
4o * 60
50 : 50
6o * 40
80 * 20
100 * 0
Overall means

Mean scores*

Flavor

4. 87
4.45
4.02
3.60
3.17
1.57
1.15
3.26

Color

Overall
Quality

4. 85
4 . 8?

4.80

4. 67

4.27
3.90
3.30
2.00

4.75
4.32
3.97
3.65
4.44

l=least acceptable
5=most acceptable

Each mean Is the average of 40 observations.

4.62

1.25
3.45
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FIGURE 10.

Effect of potassium chloride on the organo
leptic acceptance of fish sauce quality.

TABLE XVI
TASTE PANEL TREATMENT COMBINATION MEANS FOR
FLAVOR, COLOR, AND OVERALL QUALITY OF
FISH SAUCE OF KCliNaCl MIXTURES AT
TWO LEVELS OF SALTS CONCENTRATIONS

Low Salt
High Salt
QOOfiAfi fish fermented) (400g/kg fish fermented)
Trout
Flounder
Trout
Flounder

Flavor

3.500

3.3^2

3.100

3.114

Color

4,400

4.500

4.442

4.428

Overall quality

3.600

3.457

3**71

3.271

Each mean is the average of 70 observations.
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Chemical Analysis
The sauce samples used in this investigation were
drawn four times at the end of 1, 3» 6 and 9 months of fer
mentation.

In Tatle XVII through XX, the pH, total nitrogen,

ammonia nitrogen and salt content are given.
The pH of fish sauce made from Flounder (lean fish)
and Trout (fatty fish) ranged "between 5*0 to 6.1 and 4,9 to
5.6, respectively.

The pH of both sauces reached their

highest levels at the sixth month of fermentation.

These

observed pH values agreed closely to those reported by
Uyenco et al. (1952) on Vietnamese fish sauce,

Kasemsarn

(1963) reported that fish with pH range from 5-0 to 6.5
were optimum for sauce fermentation.
Ammonia nitrogen made from Flounder and Trout ranged
from 1.05 to 3.62 and 1.25 to 3-34 g/liter sauce, respec
tively,

The amount of ammonia increased gradually from

the beginning and reached its highest level in both 6 month
old samples.

Total nitrogen reached the highest level at

the ninth month ranging from 8.1 to 23*7? g/liter for
Flounder and 7.5 to 23*8 g/liter for Trout.
The salt concentration in all samples remained
fairly constant from the beginning of fermentation until
the end of the process.

This may due to the salt concen

tration having reached equilibrium during the early stage.
The percent salt concentration in the sauce affects the
rate of bacterial spoilage and enzyme activities.

According
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to Baxter (1956), those bacteria that could grow over the
range of 1 to 20% NaCl would be classified as moderate
halophiles,

Saisithi et al. (1965) reported that the num

ber of viable bacteria able to grow at salt levels present
in fish sauce were low and these microorganisms are unlikely
to play a significant role in the solubilization of fish
proteins.

Velankar (1952) and Kasemsarn (1963) concluded

that the protein hydrolysis which occurs during fish sauce
fermentation is due to autolytic processes.

The proteolytic

enzymes which cause autolysis may either come from the vis
cera or bacteria which may previously exist on or in the
fish prior to the salting period.

The heavy concentration

of the salt solution evidently causes the sensitivity of
bacterial cells to slow down and leave behind the consti
tuent proteolytic enzymes to act upon fish tissues (Tressler
and Lemon, 1951)*

Proteolysis that takes place during

fermentation is assumed to yield peptides and amino acids
that may undergo a variety of changes including deamination,
decarboxylation and transamination to yield amines, keto
acids, ammonia, and carbon dioxide* lipids and phospholi
pids are further hydrolyzed to flavor components such as
volatile and nonvolatile fatty acids and carbonyl compounds
(Saisithi et al., 1965).
Flavor Components
Flavor is a subtle and complex sensation and is a
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TABLE XVII
THE EFFECT OF FERMENTATION PERIODS ON
THE CHEMICAL COMPOSITION OF FLOUNDER
WITH LOW SALT CONCENTRATION

Sample
(mo)

pH

Ammonia
Nitrogen
g/1

Total
Nitrogen
g/1

Low
Salt::
g/1

1

5.2

1.22

8.8

255

3

5.5

2.10

13.3

252

6

5.6

3.33

22.5

252

9

5.^

3.3^

23.^

250

♦Mixture of NaCl i KCl ^ 50 i 50
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TABLE XVIII
THE EFFECT OF FERMENTATION PERIODS ON
THE CHEMICAL COMPOSITION OF FLOUNDER
WITH HIGH SALT CONCENTRATION

Sample
(mo)

pH

Ammonia
Nitrogen
g/1

Total
Nitrogen
g/1

High
Salt*
g/1

5-0

1.05

I
—1

CO

1

273

3

5.7

2.52

12.9

277

6

6.1

3.62

18.5

278

9

6.1

3.61

23.77

276

♦Mixture of NaCl i KCl = 50 * 50
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TABLE XIX
THE EFFECT OF FERMENTATION PERIODS ON
THE CHEMICAL COMPOSITION OF TROUT
WITH LOW SALT CONCENTRATION

Sample
(mo)

pH

Ammonia
Nitrogen
g/1

Total
Nitrogen
g/1

Low
Salt*
g/1

1

4.9

1.25

10.85

249

3

5.4

2.20

17.06

250

6

5.6

3.34

23.64

252

9

5.5

3.30

23.80

248

♦Mixture of NaCl j KCl = 5° * 5°
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TABLE XX
THE EFFECT OF FERMENTATION PERIODS ON
THE CHEMICAL COMPOSITION OF TROUT
WITH HIGH SALT CONCENTRATION

Sample
(mo)

pH

Ammonia
Nitrogen
g/1

Total
Nitrogen
g/1

High
Salt*
g/1

1

5.0

1.25

7.5

275

3

5-5

2.00

14.0

274

6

5.5

3.11

19.8

2?6

9

5.5

3.0?

20.7

2?0

♦Mixture of NaCl i KCl = 50 * 50

?b

combination of taste, smell, and feel.

Every chemical

component of a given food contributes to the flavor sensa
tion experienced for that food.

Certain components influence

the flavor to a greater degree than others, and the particu
lar group of these major contributors will vary from food
to food, and within a given food depending on age, tempera
ture, pH, etc.
Odor is an integral part of the flavor machinery
and in general results from the volatility of certain groups
of chemical components whose quantities may or may not be
proportional to the effects induced since synergistic and
additive aspects must also be taken into consideration.
Prime flavor components, unfortunately, are not necessarily
those present in the largest concentrations.

Many of the

compounds are encountered only in vanishingly minute amounts.
Many are so reactive and unstable that they are easily
altered during examination.

Investigators in the field are

impressed by the great complexity of the mixture of volatile
flavoring substances that have been obtained from most of
the foods studied.
Review of literature indicated that commercially
produced fish sauces in Southeast Asia are fermented at
least 9 months for the sauce to develop the desirable flavor.
Therefore, the present investigation 1b limited to the iso
lation, identification, and measurement of flavor components
in the test samples that were fermented for 6 and 9 months
periods.
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Volatile and Nonvolatile Fatty Acidsi

The contri

bution of flavor by volatile and nonvolatile fatty acids to
fish sauce depends to a large extent on the fatty acid com
position of the fish used for the preparation of the sauce.
Fatty acids in fish are more numerous and cover a wider
range of types than those present in animal and vegetable
fats and oil.

Approximately 35 to 40$ of the fatty acids of

most fish are of chain lengths exceeding 18 carbon atoms.
Usually 20 to 35$ of the fatty acids contain more than three
double bonds per molecule with 5 and 6 double bonds in the
fatty acid molecules being the most common.

On the other

hand, 20 to 50$ of the fatty acids are usually saturated.
Sizable quantity of monoenes also occur.

There are always

some odd carbon chain length fatty acids present, predomi
nately C -15 and C-l? acids.

Oxidation, principally of the

unsaturated fatty acids, results in the formation of car
bonyl compounds which affects significantly the organoleptic
quality of the sauce.

These compounds may at one level of

concentration produce characteristic and desirable flavors
and at another concentration level produce undesirable offflavors.

Therefore, the period of fermentation in fish

sauce production is optimized with respect to desirable
flavor development, of which one of the contributing factors
is the fatty acid composition.
The fatty acid compositions of fish sauces from
Trout and Flounder fermented for 6 and 9 months periods
are presented in Tables XXI through XXVIII and Figures 11
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through 18.

The test samples consisted of mixtures of two

sauces prepared at two salt levels (Low-300 g of KCl or
NaCl/kg fish fermented, high-400 g of KCl or NaCl/kg fish
fermented) in the ratio of 5 0 t5°*
Chromatograms of the samples on gas chromatography
showed that all the samples contained volatile fatty acids
from C-2 to C-6 in various proportions (Table XXI to XXII
and Figures 11 to 12).

The sample made from Flounder and

fermented for 6 months had the highest percent isovaleric
acid (77.*4$) and the lowest was caproic acid (0.28$).

The

total volatile fatty acids of this sample was 0,6535 moles/
liter.

However, a significant decrease (0.4608 moles/liter)

in the total volatile fatty acids was observed in the same
sample at the end of 9 months fermentation.

Percent reduc

tion in individual fatty acid was mostly in propionic,
isobutyric, butyric and caproic acid.
The number and kind of volatile fatty acids found
in Trout samples fermented for 6 and 9 months were similar
to those observed in Flounder samples, although in different
proportions (Tables XXIII to XXIV and Figures 13 to 14).
The total volatile fatty acids for Trout samples at the end
of 6 months fermentation was 1.4636 moles/liter correspond
ing to 0.6535 moles/liter found in Flounder.

However, it

was interesting to note that the total volatile fatty acids
in Trout samples fermented for 9 months was almost three
times greater than that in the corresponding Flounder
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Gas chromatograph of volatile fatty acids
identified in 6-month fish sauce made
from Flounder.
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FIGURE 12,

Gas chromatograph of volatile fatty acids
identified in 9-month fish sauce made
from Flounder.
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FIGURE 13.

Gas chromatograph of volatile fatty acids
identified in 6-month fish sauce made
from Trout.
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Gas chromatograph of volatile fatty acids
identified in 9 -month fish sauce made
from Trout.

81

TABLE XXI
VOLATILE FATTY ACIDS OF 6-MONTH
FISH SAUCE MADE FROM FLOUNDER

Ai(sq.cm)

At(sq.cm)

Ax(jS)

Mol/1

Acetic

0.36

0.33

9.32

0.0619

Propionic

0.176

0.16

4.51

0.0302

iso-Butyric

0.27

0.25

7.06

0.0464

Butyric

0.06

0.05

1.41

0.0103

iso-Valerie

2.92

2.74

77.40

0.5022

Caproic

0.015

0.01

0.28

0.0025
0.6535

Ai : Peak area
At : True peak area
Ax(?S) t Percentage of normalized peak area
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TABLE XXII
VOLATILE FATTY ACIDS OF 9-MONTH
FISH SAUCE MADE FROM FLOUNDER

Ai(sq.cm)

At(sq.cm)

Ax(%)

Mol/1

Acetic

0.26

0, 24

9.6

0,0447

Propionic

0.11

0.10

0.4

0.0189

iso-Butvric

0.05

0.04

1.6

0.0086

Butyric

-3o
♦
o

0.03

1.2

0.0068

iso-Valeric

2.22

2.09

83.6

0.3818

Caproic

Trace

Trace

Trace

Trace
0.4608

Ai i Peak area
At * True peak area
Ax(?£) i Percentage of normalized peak area
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TABLE XXIII
VOLATILE FATTY ACIDS OF 6 -MONTH
FISH SAUCE MADE FROM TROUT

Ai(sq.cm)

At(sq.cm)

AxW

Mol/1

Acetic

0.20

0.9

2.38

0.0344

Propionic

0.12

0.11

1.38

0.0206

iso-Butyric

0.69

0.64

8.01

0.1186

Butyric

Trace

Trace

Trace

Trace

iso-Valeric

7.5

7.05

Caproic

Trace

Trace

88.23
Trace

Ai i Peak area
At i True peak area
Ax(?&) ( Percentage of normalized peak area

1.2900
Trace
1 .^63^

TABLE XXIV
VOLATILE FATTY ACIDS OF 9 -MONTH
FISH SAUCE MADE FROM TROUT

A t (s q .c m )

Acetic

0.24

0.22

3.1

0.0412

Propionic

0 ,06

0.05

0.?

0.0103

iso-Butyric

0.41

0.38

5.3

0.0705

Butyric

Trace

iso-Valeric

6.85

Caproic

Trace

Trace
6.44
Trace

Ax(^)

Mol/1

Ai(sq.cm)

Trace

Trace

90.8

1.1782

Trace

Trace
1.3002

Ai i Peak area
At i True peak area
Ax(?S) » Percentage of normalized peak area
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samples (Trout 1,3002 moles/liter, Flounder 0.4608 moles/
liter).
In all the samples, isovaleric acid was the highest
in percent composition followed by acetic acid and isobutyric acid.

These volatile fatty acids essentially were

the same as those found in Vietnamese fish sauce (Nguyen
and Vialard, 1953i Truong, 1963) except that iso-butyric,
isovaleric and caproic acid were not reported to be presented
in the Vietnamese sauce.

The flavor of fish sauce is partly

due to the cumulative effect of all the volatile fatty acids,
and therefore, high or low of any individual volatile fatty
acid can not be assumed to represent poor quality as in
whole fish.
Chromatograms of the samples (Figures 15 through
18) showed that all the four samples (Trout and Flounder
sauces fermented for 6 and 9 months) contained nonvolatile
fatty acids from C-8 to C-18 in various proportions. How
ever, Trout samples for both 6 and 9 months period of fer
mentation exhibited small amounts of linoleic and arachidic
acid.

The six months Flounder sauce samples had the high

est percent capric acid (61.45$) and the lowest was oleic
acid (trace amount).

The total nonvolatile fatty acids of

this sample was 0.01421 jiM/liter.

However, a slight de

crease (0.01215 ^iM/liter) in the total nonvolatile fatty
acids was observed in the same sample of 9 months fermenta
tion.

Percent reduction in individual nonvolatile fatty
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acids was mostly in caprylic, capric, myristic, and stearic
acid.

It was interesting to note that these percent reduc

tions were followed by a slight percent decrease in undecylic and lauric acid (Tables XXV to XXVI),
The number and kind of nonvolatile fatty acids for
Trout samples at the end of 6 months fermentation was 0.03728
^uM/liter corresponding to 0.01^21 ^uM/liter found in Flounder.
No appreciable change in the total nonvolatile fatty acids
content were noticed between Trout and Flounder samples
both of which were fermented for 9 months {Table XXVII),
Based upon the data obtained on the fatty acid com
position of the sauce samples (Trout and Flounder) fermented
for 6 and 9 months, it is extremely hard to indicate to
what extent these individual fatty acids contribute to the
characteristic flavor of fish sauce.

The flavor of fish

sauce can be due to the overall effects of both volatile
and nonvolatile fatty acids along with other biochemical
reactions that generally occur in fermentation.

Compounds

resulting from bacterial break down of protein or other
nitrogeneous compounds occurring in fish may play an impor
tant role in the flavor of fish sauce.

Another possibility

would be that this flavor is due to some of the break down
oxidation products of long chain polyunsaturated fatty
acids that are common in fish lipids.

This view receives

support from the fact that poultry or other farm animals
fed large quantity of fish oil sometimes develop, in the
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FIGURE 15.

Gas chromatograph of nonvolatile fatty acids identified in 6-month
fish sauce made from Flounder.
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FIGURE 16.

Gas chromatograph of nonvolatile fatty acids identified in 9-month
fish sauce made from Flounder.
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FIGURE 17.

Gas chromatograph of nonvolatile fatty acids identified in 6-month
fish sauce made from Trout.
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FIGURE 18.

Gas chromatograph of nonvolatile fatty acids identified in 9-month
fish sauce made from Trout.
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TABLE XXV
NON-VOLATILE FATTY ACIDS OF 6-MONTH
FISH SAUCE MADE FROM FLOUNDER

Ai(sq.cm)

At (sq.cm)

Ax(^)

juM/l

CL.prylic

0 .06

0.05

1.80

0.00028

Pelargonic

0.18

0.17

6 .45

0.00086

Capric

1.8

1.69

61.45

0.00869

Undecylic

0.11

0.10

3.65

0.00053

Laurie

0.15

0.14

5.09

0.00072

Myristic

0.61

0.57

20.72

0.00294

Palmitic

Trace

Trace

Trace

Trace

Stearic

0. 04

0.03

Oleic

Trace

Trace

1.09

0.00019

Trace

Trace
0,01421

Ai i Peak area
At i True peak area
Ax(?5) i Percentage of normalized peak area
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TABLE XXVI
NON-VOLATILE FATTY ACIDS OF 9-MONTH
FISH SAUCE MADE FROM FLOUNDER

Ai(sq.cm)

At(sq.cm)

Ax(*)

juM/1

Caprylic

Trace

Trace

Trace

Trace

Pelargonic

0.01

0.09

3.80

0.00048

Capric

1.50

1.41

59.14

0 .00724

Undecylic

0.16

0.15

6.35

0.00077

Laurie

0.28

0,26

11.01

0.00135

Myristic

0.48

0,45

19.06

0.00231

Palmitic

Trace

Trace

Trace

Trace

Stearic

Trace

Trace

Trace

Trace

Oleic

Trace

Trace

Trace

Trace
0.01215

Ai : Peak area
At i True peak area
Ax(^)

i Percentage of normalized peak area
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TABLE XXVII
NON-VOLATILE PATTY ACIDS OF 6-MONTH
FISH SAUCE MADE FROM TROUT

Caprylic
Pelargonic
Capric
Undecylic
Laurie
Myristic
Palmitic
Stearic
Oleic
Linoleic
Arachidic

Ai(sq.cm)

At{sq.cm)

0.2
0.18
2.4

0.18
0.16
4.13
Trace
0.16

Trace
0.18
0.14
0.38
1.87
0.2
0.18
Trace

0.13
0.35
1.75
0.16
0.16
Trace

Ax(?£)

2.50
2.22
57.36
Trace
2.22
1.80
4.86
24.30
2.50
2.22
Trace

Ai t Peak area
At t True peak area
Ax(?£) t Percentage of normalized peak area

juM/1

0.00096
0.00086
0.02125
Trace
0.00086
0.0006?
0.00183
0.00903
0.00096
0.00086
Trace
0.03728
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TABLE XXVIII
NON-VOLATILE PATTY ACIDS OF 9 -MONTH
FISH SAUCE MADE FROM TROUT

Ai(sq.cm)

Caprylic
Pelargonic

0.24
0.06
2.10

Capric
Undecylic
Laurie

Trace
1.20

Myristic
Palmitic
Stearic

0.37
0.04
0.06

Oleic
Linoleic
Arachidic

Trace
Trace
Trace

A t (sq.cm)

0.22
0.05
1.97
Trace
1.12
0.34
0.03
0.05
Trace
Trace
Trace

Ax(#)

5.82
1.32
52.11
Trace
29.62
8.99
0.79
1.32
Trace
Trace
Trace

juM/l

0.00115
0.00028
0.01014
Trace
0.00579
0.00178
0.00019
0.00028
Trace
Trace
Trace
0.01961

Ai t Peak area
At i True peak area
Ax(#) i Percentage of normalized peak area
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meat, a distinct characteristic fishy odor.

This type of

odor is not a rancid one but, rather, is described as being
characteristically fishy.

Flavors associated with fish

sauce, on the other hand, are generally believed to result
from volatile fatty acids (acetic, propionic, isobutyric,
butyric, isovaleric, and hexanoic acid) which are produced
by PediococuB halophilus and found during the fish sauce
fermentation.
Carbonyl Compoundsi

The carbonyls (Tables XXIX

through XXXII, Figures 19 through 22) found in the samples
are believed to be degradation products from free fatty
acids or triglycerides.

Evidence relating the flavors of

individual carbonyls to specific attributes of fish flavor
has been reported by Diemair and Schams (1962).
(196*+), and Stansby and Jellinek (196*+).

Diemair

On the basis of

his work, Diemair suggested that the carbonyls of low
molecular weight are associated with fresh flavor.

The

"tranig " odor components of fat-containing species come
mainly from hexanal, heptanal, and hexenal, while the ran
cid and "talgigen' components belong to the higher consti
tuents of the saturated and unsaturated fatty acids such
as nonanal, heptadienal, decanal.

A strongly "metallic”

component discussed by Diemair has many of the properties
of oct-l-en-3-one (n-amyl vinyl ketone) (Forss, 1963).
Diemair and Schams isolated from stored fish also a carbonyl
component with a "mushroom" odor.

From Its properties this
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FIGURE 19.

Gas chromatograph of carhonyls identified in 6-month fish sauce
made from Flounder.
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Gas chromatograph of carhonyls identified in 6-month fish sauce
made from Trout.

1-Butanal
2-OcI m m I
3- 2,4-d«csdi«nal
4 .2-und»c«Ml
5. ifctradeeenal
6. ttendacanal
7. Octedecaitol
8. Octadeceral

V
FIGURE 21.

T
5

4

~20

~2S

Gas chromatograph of carhonyls identified in 9-month fish sauce
made from Flounder.
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Gas chromatograph of carbonyls identified in 9-month fish sauce
made from Trout.
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TABLE XXIX
CARBONYL COMPOUNDS OF 6-MONTH
FISH SAUCE MADE FROM FLOUNDER

Ai(sq.cm)

Butanal
Octanal
2 ,4-decadienal
2-undecenal
Tetradecanal
Hexadecanal
Octadecanal
Octadecenal

At (sq.cm )

0.18

0.16

0.19
Trace

0.18

1.90
0.33
0.30
0.18
Trace

Trace
1.78
0.31
0.28
0.17
Trace

Ax(?S)

5.55
6.25
Trace
61.80
10.76
9.72
5.90
Trace

pK/1

0.000044
0.000050
Trace
0.000490
0.000086
0.000078
0.00004?
Trace
0.000795

Ai : Peak area
At i True peak area
Ax($) i Percentage of normalized peak area
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TABLE XXX
CARBONYL COMPOUNDS OF 9 -MONTH
FISH SAUCE MADE FROM FLOUNDER

Butanal
Octanal
2,4-decadienal
2-undecenal

Ai{sq.cm)

At(sq.cm)

0.10
0.13

0.99
0.12
Trace

Ax(tf)

3.62

1.69

4.83
Trace
68.14

Hexadecanal
Octadecanal

0.35
0.20
0.07

0.33
0.19
0.06

13.30
7.66
2.41

Octadecenal

Trace

Trace

Tetradecanal

Trace
1.8

Trace

juM/1

0.000025
0.000033
Trace
0.000470
0.000092
0.000053
0.000016
Trace
£^00689

Ai t Peak area
At i True peak area
Ax(#) t Percentage of normalized peak area
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TAB1£ XXXI
CARBONYL COMPOUNDS OF 6-MONTH
FISH SAUCE MADE FROM TROUT

Ai(sq.cm)

At(sq.cm)

Ax(*)

juM/l

Butanal

0.12

0.11

1.89

0.000030

Octanal
2 ,4-decadienal

0.35
0.04

5.51
0.51

0.000089
0.000008

2-undecenal
Tetradecanal

4.30

0.32
0.03
4.04
0.80

69.65
13.79
2.58

0.001100
0.000220
0.000042
0.000084
0.000014
Trace

Hexadecanal
Octadecanal
Octadecenal
Octadecadienal

0.85
0.16
0.32
0.06
Trace

0.15
0.30
0.05
Trace

5.17
0.86
Trace

0,001580

Ai t Peak area
At i True peak area
Ax(?0 i Percentage of normalized peak area
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TABLE XXXII
CARBONYL COMPOUNDS OF 9 -MONTH
FISH SAUCE MADE FROM TROUT

Ai(sq.cm) At(sq.cm)

Butanal
Octanal

0.10
0.21

2 ,4-decadienal
2-undecenal

Trace
3.06

Tetradecanal
Hexadecanal

0.61

0.09
0.19
Trace

A x W

pM/l

2.27

0.000025

4.79
Trace

2.87

72.47

0.000053
Trace
0.000800

Octadecanal
Octadecenal

0.09
0.18
Trace

0.57
0.08
0.16
Trace

14.39
2.02
4.04
Trace

0.000160
0.000022
0.000044
Trace

Octadecadienal

Trace

Trace

Trace

Trace
0.001104

Ai t Peak area
At t True peak area
Ax(#) i Percentage of normalized peak area
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was thought to have a dihydroxypropane skeleton.

Forss

(1963) has pointed out that there are strong similarities
between certain components of fishy flavor in dairy pro
ducts, and those isolated from stored fish by the German
workers.

Although none of these carbonyls seem to possess

the characteristic flavor of fish sauce, the mutual inter
action on mixing may cause some effects on development of
fish sauce aroma.
Amines 1

As shown in Table XXXIII and Figures 23 to

24, several sorts of volatile amines in 6-month samples
were detected with gas chromatography.

Among these, the

peaks 1, 2 and 3 were identified as monomethylamine, dimethylamine, and trimethylamine respectively.

However,

no measurable changes were observed on the chromatogram
in 9-month samples.

Figures 23 through 26 (aminograms)

showed the presence of ammonia which was not detected on
gas chromatograms.

ThiB may be due to the retention time

being close to the solvent as a result of which the peaks of
these two components overlapped each other.

Total and indi

vidual amounts of volatile amines in all the test samples
were extremely low compared to those values reported to be
present in raw fish.

It is possible that the loss of these

amines in fish sauce might have occurred during the early
period of fermentation.

It is reported that volatile amines

are produced occasionally through decarboxylation of cor
responding amino acids during heat treatment of foods
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FIGURE 23,

Gas chromatograph of amines in 6-month fish
sauce made from Flounder.

1. Methytamlne
2. DkneMiytmnlfM

3. IVInMthylMnifw

M in.

FIGURE Zk,

Gas chromatograph of amines in 6-month fish
sauce made from Trout.

TABI£ XXXIII
AMINES OF FLOUNDER AND TROUT FISH SAUCE FERMENTED FOR 6 MONTHS

Trout

Flounder
Peak area
uM/l
(sq.cm)________

Peak area
(sq.cm)

uM/l
^

Methylamine

0.10

0,000042

0.20

0.000084

Dimethylamine

0.90

0.000063

0.33

0.000137

Trimethylamine

0.15

0.000380

0.09

0.000031

0.000485

0.000252

10?
(Weurman and Rooij, 1961), but probably this reaction did
not occur in the present experimental conditions wherein
the fermentation products were not heat treated.

aMing

Acids

The basic tastes perceptible by the human tongue are
restricted to four simple onesi sour (acid), bitter, sweet
and salty.

These primary taste sensations are critically

supplemented by a large number and variety of odor percep
tions registered by the olfactory apparatus (Ingram, 1966).
However, the flavor which will be discussed here is res
tricted mainly to the non-odoriferous constituents which
give only basic tastes perceptible to the human tongue.
It has been suggested by Jones (1961) that part of the fish
flavor is derived from sugar, sugar phosphates, amino acids
and peptides, nucleotides and derivatives, organic acids,
fats and degradation products of fats and nitrogenous bases.
Sugars, sugar phosphates, nucleotides and their derivatives
were discussed earlier in the literature review in which
it was pointed out that they may be completely utilized
before the product becomes ripened.
could have been lost in the samples.

Non-volatile amines
Jones (1961) has

reported that p combined amino acid solution, simulating
that of fresh gadoid muscle, possesses a pleasant, sweetsour, meaty and yeasty flavor.

Since they may play a role

in the development of fish sauce flavor, the amino acids
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present in 6 and 9 months old fish sauce were determined
quantitatively by Beckman Amino Acid Analyzer Model 116 C
(Figure 9).

The results are shown in Tables XXXIV through

XXXVII and Figures 25 through 28.
No qualitative change was found in the amino acids
present in both Trout and Flounder fish sauce samples from
6 to 9 months fermentation period.

However, a slight quan

titative increase in 9 months samples was observed.

The

principal amino acids found were lysine, histidine, arginine,
aspartic acid, threonine, serine, glutamic acid, proline,
glycine, alanine, cystine, valine, methionine, isoleucine,
leucine, tyrosine, and phenylalanine,

Claims have been

made that certain amino acids can occur in fish muscle at
concentrations such that they contribute to flavor indepen
dently of other constituents.

Thus glycine can contribute

to sweetness (Amano and Bito, 1951l Hashimoto, 1964) and
histidine to "meaty” character (Simidu et al., 1953a» b).
However, this is not always the case.

The individual

amino acids of gadoid muscles were found to occur below the
flavor threshold, but they were readily detectable in a
composite simulated extract (Jones, 1961).

Similarly,

Konosu et al. (i960) found that a simulated amino acid
fraction (which included histidine) of an extract of "Katsuobushi" (dried bonito) was almost flavorless.

This group

noted a pronounced mutual enhancing of flavor in combina
tions of the amino acid fraction with inosine 5 '-monophos-
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Aminogram of amino acids in 6-month fish sauce made from Flounder.

o
VO

10

w

i

<
m
c
O
•»
■

J-

i—

40

FIGURE 26.

80
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TABLE XXXIV
AMINO ACIDS OP 6-MONTH FISH SAUCE MADE FROM FLOUNDER

Components

Std.
peak
area
(cm*)

Peak
area
(cm2 )

Ammonia
Lys ine
Histidine

2.9^
2.10
2.12

14.22

Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline

2.44
1.8?

1.88

2.03
2.00
2.25

6.61
1.80
3*65
2.10
1.15
1.80

True
peak
area
(cm2 )
13.36
6.21
1.69
1.76
3.3^
1.97
1.08
1.69
1.62

Glycine
Alanine
Cystine

0.52
1.80
2.10
1.20

Valine
Methionine
Isoleucine

1.08
2.24
2.24

2.42

1.91
3.21

4.90
4.88

4.60
4.58

Leucine
Tyrosine
Phenylalanine

2.14
2,40
2.61

5.^5
2.55
3176

5.12

1.73
10.55
12.26
2.04

9.91
11.52

Normalized
peak area
{%)

Mol/1

16.78
7.80
2.12
2.21
4.31
2,44

0.0048

1.35
2.12
2.03
12.45
14.47
2.40
4.03
5.78
5.75
6.43
3.00

0.0031
0.0008
0.0007
0.0019
0.0010
0.0005
0.0008
0.0034
0.0058
0.0058
0.0017
0.0028
0.0021
0.0021

2.39
3.5^

4.43

0.0025
0.0010
0.0014

79*58

100.00

0.0422
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TABLE XXXV
AMINO ACIDS OF 9-MONTH PISH SAUCE MADE FROM FLOUNDER

Components

Std.
peak
area
(cm2 )

Ammonia

2.94

Lys ine
Histidine
Arginine

2.10
2.12
2.44

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine

1.87
2.03
2.00

Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

2.25
0.52
1.80
2.10
1.20
1.08
2.24
2.24
2.14
2.40
2.61

Peak
area
(cm2 )

10.1?
7.61

True
peak
area
(cm2 )

Normalized
peak area
W

9.55

12.05

0.0034

7.15
1.70
1.36

9.02

0.0036
0.0008
0.0006
0.0025
0.0014
0.0006
0.0016
0.0036

1.89
1.45
4.80
3.00
1.00

4.50
2.82
1.12

3.55
1.41

3.66

3.44

4.34

1.91
10.04

1.79
9.43
9.70
1.12
4.10

2.25
11.89
12.23
1.41

10.32
1.20

Mol/1

2.47
1.17
5.67

0.0055
0.0049

6.47
6.96

3.27
6,08
6.54

1.91
4.05

1.79
3.80

4.79

0,0010
0.0040
0.0015
0.0029
0.0032
0.000?
0.0015

79.25

100.00

0.0433

4.37
3.48

5.17
4.12
7.67
8.25
2.25
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TABLE XXXVI
AMINO ACIDS OF 6-MONTH FISH SAUCE MADE FROM TROUT

Components

Std.
peak
area
(cm2)

Ammonia
Lys ine
Histidine
Arginine

2.94
2.10
2.12
2. *4-4

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Peak
area
(cm2)

True
peak
area
(cm*)

18.97
5.44
3.21

17.83

1.87

2.05
2.58

2.03
2.00

2.45
1.20

1.92
2.42
2.30

2.25
0.52
1.80
2.10
1.20
1.08
2.24
2.24
2.14
2.40
2.61

2.90
1.31
11.55
16.18
2.10
5.86
4.88
3.70
7.85
3.50
3.20

5.11
3.01

Normalized
peak area
(*>

19.19
5.5 0
3.24
2.06
2.60

Mol/1

0.0064
0.0026
0.0015
0.0008

1.15
2.72

2.47
1.21

0.0013
0.0012
0.0006

2.92

0.0012

1.23

1.32

10.85
15.20

11.67
16.36
2.12
5.90

0.0023
0.0064

1.97
5.50
4.58
3.^7
7.37
3.29
3.00
92.9

*4*.93
3.73
7.93
3.5^
3.22

0.0077
0.0011
0.0054
0.0021
0.0026
O.OO36
0.0014
0.0022

100.00

0.0504
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TABLE XXXVII
AMINO ACIDS OF 9-MONTH FISH SAUCE

MADE FROM TROUT

Peak
area
(cm*)

True
peak
area
(cm )

13.00

12.22

6.93
1.80

6.51
1.69

1.65
3.50
3.28

1.55
3.29
3.08

1.75
3.7^
3.50

1.22

1.38

3.76
1.39

^.37
1.58

Glycine

2.25
0.52
1.80

1.30
4.00
1.48
10.34

Alanine
Cystine

2,10
1.20

14.70
1.10

9.71
13.81

11.03
15.70

1.03

Valine
Methionine

6.48

6.09

Isoleucine
Leucine

1.08
2.24
2.24
2.14

Tyrosine
Phenylalanine

2.40
2.61

3.55
5.25
9.30
2.11

3.33
4.93
8.7^
1.98

1.17
6.92
3.78
5.26

3.87

Components

Std.
peak
area
(cm*)

Ammonia
Lys ine

2.94
2.10

Histidine
Arginine

2.12
2 .44
1 .8?

Aspartic acid
Threonine
Serine
Glutamic acid
Proline

2.03
2.00

Normalized
peak area
<*>

Mol/1

13.89
7.40

0.0044
0,0033

1.92

0.0008
0.0006
0.0018
0.0016
0.0006
0 .001?
0.0090
0.0057
0.0070
0.0008
0.0060
0,0015

3.63

9.93
2.25
4.12

0.0023
0.0043
0.0008
0.0014

87.76

10CK00

0.0536
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phate.

In a further study, on fractionated extracts of

abalone meat, Konosu and Hashimoto (1964) demonstrated a
similar key interrelationship to meaty character between
glutamic acid and adenosine 5'-monophosphate.

Komato (1964)

obtained similar results with "Uni," the unripe gonad of
the sea urchin.

Of the amino acid fraction in combination

with mononucleotides, he found glycine, valine, alanine,
glutamic acid and, particularly, methionine to be important.
The elimination of glycine resulted in an increase in bitter
ness and a decrease in sweetness.
Such findings tend to confirm the feeling of the
author that amino acids are likely to be important nonodoriferous contributors to overall flavor of fish sauce.

SUMMARY AND CONCLUSION
The present investigation was involved with the
isolation of flavor constituents and organoleptic accep
tance of a dietary sodium-potassium fish sauce.
Two varieties of fish (l) Flounder, a lean fish
with low fat content (1.6# fat) and (2) Trout, a fatty fish
with 9*2# fat were selected for the preparation of sauce.
The methods for preparation of fish sauce consisted essen
tially of mixing uneviscerated ground fish with sodium and
potassium salt in different fish-to-salt ratios.

The fish

sauce mixtures were allowed to ferment (37°C) in one-gallon
glass jars fitted with screw caps*
to continue for 9 months.

Fermentation was allowed

The desired of sodium and potas

sium salts in the fish sauce (NaCliKCl- OilOO, 20t80, 40*60,
50i5 0 , 60i40, 80i20 and 100*0) were obtained by mixing
appropriate volumetric amounts of the sodium and potassium
based sauces.

Samples were drawn from fermentation jars at

the end of 1, 3» 6 and 9 months for chemical and organolep
tic analysis.
Chemical analyses included total nitrogen, ammonia
nitrogen, salt content, pH (1, 3» 6 and 9 months samples),
flavor components (volatile and nonvolatile fatty acids,
carbonyls and amines) and amino acids (6 and 9 months
118
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samples only).
Determinations of total nitrogen, ammonia nitrogen
and salt content were performed by the methods as indicated
in A.O.A.C.

(1965).

pH was measured by a Beckman pH meter.

Isolation, identification and quantitative measure
ment of flavor components were accomplished by gas chromato
graphy.

The determination of amino acids was achieved by

using a Beckman amino acid analyzer model 116 C.
The results of organoleptic acceptance (flavor,
color and overall quality) and statistical analysis indi
cated that the utilization of KC1 to replace NaCl in making
fish sauce is acceptable if the salt ratio of KCltNaCl is
not above 60i40.

The sauce prepared by using 300 g/kg fish

fermented was preferred to that obtained by 400 g/kg fish
fermented.

Both lean and fatty fish yielded organoleptic

acceptable products.
The pH of fish sauce made from Flounder and Trout
ranged from 5.0 to 6.1 and 4.9 to 5*6, respectively.

The

pH of both sauces reached the highest levels after 6 months
of fermentation.

The salt concentration in all samples

remained fairly constant (250 to 255 g/liter for low salt
level, 270 to 276 g/liter for high salt level).

Ammonia

nitrogen and total nitrogen for Flounder and Trout ranged
from 1.05 to 3.62, 1.25 to 3.34, 8.12 to 23.77 and 7.5 to
23.8 g/liter, respectively.
Gas chromatograms show that all the samples
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contained volatile fatty acids from C-2 to C-6 in various
proportions.

In all the samples, isovaleric acid was the

highest in percent composition followed by acetic acid and
isobutyric acid.

The nonvolatile fatty acids from C-8 to

C-18 in various proportions were found in all the samples.
The carbonyls (butanal, octanal, 2, 4-decadienal, 2-undecenal, tetradecanal, hexadecanal, octadecanal, octadecenal,
and octadecadienal) were in extremely small quantities.
Among the amines obtained in all the samples, the prominent
ones were mono-, di-, and trimethylamine which were in
micromoles concentrations.
The principal amino acids found were lysine, his
tidine, arginine, aspartic acid, threonine, serine, glutamic
acid, proline, glycine, alanine, cystine, valine, methio
nine, isoleucine, leucine, tyrosine, and phenylalanine
(ranged between 0,000? to 0.0090 moles/liter).

No quali

tative change was found in the amino acids present in both
Trout and Flounder fish sauce samples between 6 and 9
months fermentation period.
Experimental evidence obtained by chemical and
organoleptic analyses indicated that mixtures of NaCl and
KCl could provide a possible replacement for common salt
generally used in fish sauce fermentation.

Such a dietary

fish sauce can be used as a therapeutic adjunct in the
treatment of hypertension and other conditions requiring a
sodium restricted diet.

Review of literature had shown
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that the extra intake of potassium resulting from the use of
NaCliKCl mixture poses no nutritional or physiological
problems.
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FLAVOR ACCEPTANCE EVALUATION
Name___________________ Date____________
Product________________ Panel Replicate,

CHECK ONEi

Sample
code

Score

Like
defi
nitely

5

Like
mildly

^

Dislike
Dislike defi
mildly nitely

Neither
likenor
dislike

3

2

Comments'*

1

•List of suggested wordsi
Bitter
Sweet

Salty
Sour

APPENDIX A

Putrid
Rancid

Metallic
Other
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COLOR ACCEPTANCE EVALUATION
Name

Pate

Product_________________ Panel Replicate

CHECK ONEi

ample
code

Like
defi
nitely

Like
mildly

Neither
like nor
dislike

Dislike
mildly

Dislike
defi
nitely

Score

5

4

3

2

1

APPENDIX B

Comments
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OVERALL QUALITY ACCEPTANCE
Instructionsi

ample
code

•core

Like
defi
nitely

5

After tasting this product, (in flavor,
color, mouthfeel, and general appearance),
indicate your degree of acceptance by
checking one for each sample.

Like
mildly

^

Neither
like nor
dislike

3

Dislike
mildly

2

APPENDIX C

1

Dislike
defi
Comments
nitely
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Proximate Chemical Composition
of Raw Fish in Making Fish Sauce

(*)

Flounder

Trout

Moisture

80.2

70.2

Protein

18.0

19.^

Fat

1.6

9.2

Ash

1.3

1.2
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